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PREFACE 


B y studying mechanical implements with reference to 
the mechanisms of the human body, the author has 
been able to discover twelve biological Rules or Laws. 
These Rules allow the problems of the origins and 
developments of all types of mechanical implements to be 
solved. They also provide new methods of studying the 
mechanisms of the human body. 

The discovery of the Rules or Laws must profoundly afiect 
the studies of biology, anatomy, physiology, psychology, and 
similar branches of science, and in. due time the practices of 
medicine and surgery. 

Many people who find the present day sciences of biology 
and anatomy dull and difficult and regard them, because of 
lack of laws or rules, as little more than attempts at naming 
parts and actions of plants and creatures, will now find these 
sciences easy and full of interest; and many who have hitherto 
regarded museums as little more than places for exhibiting 
the discarded lumber of the past, will see that the study of 
weapons and other implements, when made with reference to 
mechanisms of the body, can give knowledge of the con- 
struction and working of the human body, and reveal the 
secrets of growth and life and death. 

A new world of scientific knowledge is shown in this work. 
No more than a beginning has been made in exploring it; but 
it is hoped that it has been sufficiently mapped to allow 
others to continue Us exploration. 

The newly discovered Rules arc stated on page 129. 



INTRODUCTION 


CONTRNTR 


Page 

13 


Part I 


Chapter 


WEAPONS 


1 Tllli WliAPON AND TIIL WIliLDER 


2 THE FIST 

3 THE ROUND STONE 


4 THE EARLY GREEK. CAIiSTUS 

5 THE LATER GREliK CAESTUS 


6 FURTIIF.U OBSF.RVATIONS ON TUF. GREV.K CAESTUS 

7 ROMAN TYPES OF THE CAESTUS 

8 THE BRACCIALU 


9 THE MODI'.RN BOXING GLOVE 

10 THE KNUCKLEDUSTER 

11 THE BAGllNAK 

12 THI! GRIP 


1 ‘) 

23 

27 

37 

49 

66 

75 

81 

85 

92 

99 

108 


13 GENERAL OBSERVATIONS ON WEAPONS OP THE 


HAND I 1 3 

14 OFFENSIVE MACHINES, AND R U L E S 118 

15 THE CLUB 130 

16 THE SPEAR 157 

17 THE SWORD 185 

18 STONES THROWN BY HAND 198 

19 ATHLETIC MISSILES 209 

20 GENERAL OBSERVATIONS 237 

21 THE CROQUET MALLET 244 

22 THE GOLF CLUB 254 

23 THE BILLIARD CUE - 262 

24 THE RACTCET 270 

25 CRICKET AND FOOTBALL IMPLEMENTS 288 

26 THE SPEAR-THROWER 293 

27 THE SLING - - 306 

28 THE BOW ~™ — • ■ 317 



Chaptir Puin> 

2‘-) I'lii; HARRIiL AND iiRn-cii 332 

30 Tin; ARROW AND QUIVliR 345 

31 Tin; LOCK AND POWl-.R 356 

32 Tin; CROssnow 365 

33 Tin; stock 371 

34 Tin; now and strings 396 

35 Tin; lock (cro.ssiuw) 401 

36 Tin; iiarri;l and iirplcii (crilssbow) 421 

37 Tin; magazinu 433 

38 Tiin SIGHTS 441 

39 "thu blow gu(<1 445 

40 CHl-QLIKRING 449 

41 thr cartridgi! 453 

42 CHARGING THE BOW 458 

43 THE USE OF GUNPOWDER. AND CANNON . ... 470 

44 THE COMPOUND BOW ...... 482 

Part H 

Tim REPRODUCTIVE MACHINERY 

45 'Tin; club and spear 489 

46 games IMPLEMENTS ..... 502 

47 THE SWORD AND SHIEI.D 514 

48 THE BOW AND CROSSBOW 519 

49 THE GUN - 529 

Part III 

THE LOCOMOTIVE MACHINERY 

50 SHOES 539 

51 LOCOMOTIVE MOVEMENTS 543 

52 THE walking stick AND STILT 548 

53 THE TRAVOIS AND SLIDE CAR 561 

54 THE HOBBY HORSE 564 

55 THE BICYCLE 572 

56 THE WHEEL 577 

57 THE BICYCLE FRAME 585 



Part IV 

THE MOTOR CAR 

Chapter ’ Page 

58 THK INTERNAL COMBUSTION BNUINE 599 

59 MOVEMENTS 623 

60 THE NERVOUS SYSTEM 63 1 

61 THE PISTON 642 

62 THE BRAKE 650 

63 THE HORSE - 655 

64 THE FRAME 659 

65 LINKS - 664 

• 

66 GENERAL REMARKS 673 

INDEX - 685 



ILLUSTRATIONS 


Figure Page 

1 HAND OF GREEK BOXER 50 

2 ROMAN BOXING GLOVE 75 

3 BRACCIALE, FARTS OF BRACCIALE, AND SCANNO 82 

4 .BRACCIALE IN ONE PIECE 83 

5 METAL KNUCKLEDUSTERS 92 

6 WOODEN KNUCKLEDUSTER 96 

7 BAGHNAK 99 

8 BAGHNAK, AND FINGER ON CLAW 100 

9 STICK WITH KNOBBED END 142 

10 LIFE PRESERVER 143 

U CONSTABLE’S STAFF 144 

12 LIFE PRESERVER, WITH JOINTED HEAD 145 

13 WAR FLAIL 148 

14 NORTH AMERICAN INDIAN CLUB 151 

15 ESKIMO ADZE 1 152 

16 CLUB, FDI 154 

17 BOOMERANG ..... ™ 155 

18 WADDY 155 

19 INDIAN CLUB ...™ ]56 

20 SPEAR HEADS 158 

21 HALBERD HEAD ... 161 

22 HANDS FORMING A BARREL 167' 

23 BALANCING THE CABER ...~ 218 

24 JUMPING-WEIGHT .... 228 

25 GREEK JUMPER -.. .... 233 

26 TAMBURBLLO RACKET 283 

27 AUSTRALIAN NATIVE WITH SPEAR-THROWER 293 

28 DIAGRAMS OF SPEAR-THROWBRS 295 

29 SPEAR-THROWERS ...™ 300 

30 OUNEP, AND STRING ON ARROW 304 

31 SLINGER, AND SLING BULLET 306 

32 ACTIONS OF TREBUCHBT - 309 

33 TREHUCHET MfMr Him 311 



mire 

34 aTAi-i’ SLiNcs 313 

35 ARCHUR 332 

36 HORN GROOVl- (aiPKR) 337 

37 parts of an arrow 345 

38 SMFIN 357 

39 CROSSBOW and CRANliQUINS 365 

40 BULLUT-SIIOOTINO CROSSB<1W 366 

41 STOCKvS OF FAN CROSSBOWS 374 

42 CROSSBOW LfMBS AND TRFGGRRS 377 

43 MAI-ABAR CROSSBOW, RIFU5, AND BUTT AND 

BUTT-PLATE OF BULLET-SIlOOTiNG CROSSBOW^ 380 

44 LOOPHOLES FOR ARCTIF.RS AND CROSSBOWMEN 384 

45 'niUMBS, STRINGS, AND POUCH OF BULLET- 

SHOOTING CROSSBOW 397 

46 BULLET-SHOOTING CROSSBOW, WITH RAISl'D 

LF.VHR 399 

47 CIlINLiSE REPEATING CROaSBOW 402 

48 LOCK OF CHINESE REPBATINO CROSSBOW 403 

49 LOCK OF DURMFSE CROSSBOW 404 

50 DIAGRAMS OF NUT AND LONG LEVER 404 

51 STRINGS held BY FINGERS OF NUT AND BY 

FINGERS OF HAND 406 

52 ACTIONS OF LOCK OF MALABAR CROvSSBOW 408 

53 LOCK OF BULLET-SHOOTING CROSSBOW 413 

54 CROSSBOW, WITH BARREL 421 

55 DIAGRAM OF SLURBOW BjARREL 423 

56 SIGHTS OF BULLET-SHOOTING CROSSBOW 443 

57 CHEQUERING ON A vSIIOT GUN 450 

58 CROSSBOWMAN WITH BELT AND CLAWS 460 

59 goat's foot LEVER ON CROSSBOW 463 

60 STIRRUP CROSSBOW 465 

61 CRANEQUIN ON CROSSBOW 466 

62 EARLY CANNON 479 

63 MALABAR CROSSBOW 482 

64 DIAGRAM OF BACKBONE 497 

65 CLUBS, SHOWING SKULLS AND SACRUMS ...... 498 

66 HEAD OF A GOLF CLUB 503 

67 DIAGRAM OF BREASTBONE 514 

68 ZULU WAR SHIELD ...... 516 



Finiire Page 

6*) SHCnON OF CROSSIKJW'S STOCK AND BARRFL 524 

70 SliOTlONS OF SLURBOW ' 524 

71 ACTIONS OF u;g and foot, and spokf and 

FFLLon 544 

72 COMMON PUMP, AND FORCF. PUMP 607 




INTRODUCTION 


I T is generally agreed that many types of mechanical 
contrivances are similar to contrivances of the body. It 
is said, for example, by nearly every writer on the 
biology or anatomy of the body that an optical lens 
resembles the lens of the eye, that a camera is constructed 
on the same principles as the eye, that an electric cable 
resembles a nerve in many respects, that the actions of a 
common pump and of the heart of a creature have many 
correspondences, and so on. But, hitherto, no one it seems 
has made a study of this phenomenon with a view to dis- 
covering its signihcance. When such a study is made, the 
following facts, among many othm, soon become appar- 
ent: — 

JL. Every mechanical contrivance corresponds to and is a 
copy of some contrivance of the body. 

2. A useful mechanical contrivance cannot be made that 
is not a copy of a contrivance of the body. 

3. No mechanical contrivance can work apart from its 
human counterpart. 

4. A mechanical contrivance is an embryo of its human 
counterpart; and as it is developed corresponds more dosely 
to it 

When a study is made of any type of mechanical instru- 
ments with reference to the human body. Rules can be 
obtaiped which help to show how mechanical contrivances 
originate and develop and are related to each other and to 
the body: end these Rules can also be used for discov^ing 
how the body itsdf is constructed and works. 

The book is divided into four main parts. In the first part 
weapons are studied with reference to the body. A detailed 
study of weapons bound to or held in the hand allows Rules 
to be discovered. These are ^ven in Chapter 14. Progress 
then becomes easier, and during the study of other types of 
weapons, the ways weapons originate and develop, and the 
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ways, dillcrcul types arc related, become known. Furtlicr- 
more, and more impoilant, the ways weapons will develop 
in the future become known. 

During the study of weapons it becomes evident that when 
making weapons the reproductive machinery of the body is 
mechanized, 'this phenomenon is briefly studied in the 
second part of the work. 

In the third part of the work some elementary types of 
locomotive contrivances are studied: and the origins of the 
wheel and of some other mechanical locomotive contrivances 
are discovered. 

In the fourth part of the work, a study is made of the 
internal combustion engine with reference to the body. This 
study shows the mechanical engine is a type of creature, 
possessing a rudimentary type of hcai't, stomach, alimentaiy 
canal, a double system of nerves, and other organs and 
mechanisms corresponding to those of creatures. The study 
also shows that the engine has no organs that are not pos- 
sessed by creatures. It appears that the engine is developing 
continually to reproduce more features of the bodies of 
creatures. 

Among other important results obtained from a study of 
mechanical biology is a knowledge of the ways in which 
materials can be arranged to possess the property of life. 
The secret of organic life is being sought for m laboratories, 
for example by trying to make a living cell; but knowledge 
of this secret can easily be obtained, and perhaps can only 
be obtained, from a knowledge of mechanical biology. 
Mechanical biology also gives an understanding of die 
processes of organic growth. It also reveals the meaning of 
man’s industrial career, and the goal of the makers of 
mechanical contrivances and machines. 

Mechanical biology also provides an indirect but powerful 
means of obtaining knowledge of the construction and ways 
of working of the human body. This is so, because all 
mechanical instruments, contrivances, and machines, are 
elementary models of parts of the body. A direct study of 
the human body is immensely difficult; but by studying it 



INI'RODUCllON 


15 


indirectly by studying the simple models of its various parts 
piovidcd ‘in such profusion by mechanical contuvanccs 
knowledge of the body can be easily obtained. 

A new world of knowledge is made known by studying 
mechanical contrivances vvith reference to the body. This 
work does little more than point the way to this new world 
and shows but a few specimens of its treasures. The work 
of discovering its limits and exploring it fully will demand the 
time and efforts of a host of explorers. 
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WEAPONS 




t’UAi'IIU I 


ini' WIAI’ON AND I’HL WlliLDLK 

A Wl'APt)N IS liatKl-niadc atul coulil ho roproduccd il 
necessary, and therefore it might be thought that the 
natures of weapons arc fully untlcrstood. But 
wciipons are not fully understood, for many things about 
tliein reniain to be discovered. 

The milker of u weapon knows about the materials from 
which it is made, and how to fashion i( from the materials, 
and the purpose of the weapon, and how to use it. But the 
weapon is made aeeording to rules handed down, and the 
maker of a weapon is not always interested in Ihc history of 
weapons or in theories of weapons. The rules by which 
weapons can be improved or new types made arc not known 
to him; and improvement of a weapon or the production of 
a new typo is ustmlly the result of an accidental discovery 
or a proojss of trial and error. Weapons have been onrofully 
studied, hut the taws governing their licvelopmculs remain 
undiscovered. 'I'he tivannors in which weapons evolve arc 
not known, nor are the rclaiionships between weapons of 
dilferent (ypes known. .'Vttorapt.s have been made to show 
ihat all types of weapons have been developed or have 
evolved from a few simple typos like sticks and stones, bul 
all such attempts have failed. The origins of some types of 
weapons arc unknown. No one knows, for example, whether 
the bow and arrow was developed from some other weapon 
or was an independent “invention”. Attempts have been 
made to classify weapons into types, but no sy.slcm of classi- 
licatioii has been quite satisfactory. The cllects on the 
actions and movements of the body when weapons of 
dilferent types are wielded or wlicn weapons of the same 
type bul of different shapes and sizes and weights are 
wielded have not bccu scientifically studied. Furthermore, 
until the present time, it has not been known tliat relation- 
ships exist between parts of a weapon and parts of the body. 

19 



20 


MbCllANlCAL BIOLOCJY 


It can ihereforo be seen that many things about weapons are 
still unknown, and that their natures arc not fully under- 
stood. 

It is easy to sec that a weapon is related to the body of its 
wieldcr. The dimensions of a weapon must be related to 
the wielder; the length of a bow, for example, is related to 
the height of the archer, and indeed the long bow was sup- 
posed to be the same length as the height of the archer. The 
weight of a weapon must be, suited to the wielder, a heavy 
shot or hammer, for example, is usually wielded by a heavy 
man and not by a light man. The power of a weapon must 
be proportioned to the power of the wielder; a bow made 
for a man, for example, is more powerful than one made for 
a woman or for a child. Each type of weapon requires its 
own special actions and movements from the machinery of 
the body of the wielder. The manner of wielding a javelin 
is different from the manner of wielding a discus, and the 
manner of wielding a discus is different from the mamicr of 
wielding a bow and arrow. The javelin is thrown in a cer- 
tain way, the discu.s in another way, and the arrow from the 
bow in another way. Furthermore, different weapons of the 
same type require to be wielded in different ways. Even u 
slight iteration in Uie sUe or weight or shape of a weapon 
demands slightly different actiotte and movements from the 
machinery of the body. A light stone is thrown in one way 
and a heavy stone in another way. If stones of various sizes 
were to bo thrown in succession, the missiles thrown being 
successively heavier, the actions and movements of the 
thrower would be noticed to change. A light stone would 
be thrown with a free and easy action with the fingers play- 
ing an important part in holding and releasing the stone. 
When a heavy stone was thrown, the actions of tlic thrower 
would be slower and more deliberate and the palm of the 
hand would play a more important part than the fiiigers in 
the throwing actions: and when a very vhoavy stone was 
thrown the actions of, the shot putter would be seen. Simi- 
larly, if sticks of vatious sizss were to be thppwn in succes- 
sion. ‘the hnssiles throwh, being successively largei;* the actions 
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and tnovemciils o£ the thrower would be noticed to change. 
A small afld light stick would be thrown with a free and easy 
action with the fingers playing an important part in holding 
and releasing the stick. When a large and heavy stick was 
thrown, the actions of the thrower would be slower and more 
deliberate, and the palm of the hand would play a more 
important part than the fingers in the throwing actions; and 
when a very heavy stick, or the trunk of a tree, was tlirown 
the actions of the caber tosser would be seen (Fiatire 23). 

It is flear therefore that a weapon cannot be understood if 
it is studied without reference to the body of the wielder. 
Before a weapon can fulfil the purpose for which it was 
designed and made, it must be fitted to the body, and when 
it is so fitted it becomes part of the machinery of the body. 

That a weapon becomes part of the machinery of the body 
of the wielder may appear at first to be a new and difficult 
conception. But it is not a new conception nor is it a difficult 
one for the mmd to hold; for it is held, although perhaps 
unconsciously, by most people. A weapon has little or no 
meaning to the mind unless it is associated with a wielder, 
and usually when looking at a weapon a picture is formed 
in the mind of the weapon being used by a wielder, The 
artist and the sculptor accept as a first principle that the 
machinery of the body of the wielder and the weapon being 
wielded form a unity. An artist or a sculptor does not depict 
a Weapon being wielded without taking into account the 
relationships between the weapon and the wielder, and always 
fits the weapon into the machinery of the body as correctly 
as possible. We should at once detect any gross error made 
by an artist or sculptor who failed to allow sufficiently for 
the length or weight of a weapon, or who failed correctly 
enough to relate the weapon to the actions and movements 
of the wielder. 

To study the actions and movements of the body of the 
wielder and the weapon being wielded together is to combine 
methods used by students of weapons today and methods of 
study used by the ancient Greeks. The ancient Greeks 
studied the actions and movements pf the winders of 
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weapons closely, as is evident from the excellence of the 
statues they made of the wielders of weapons: but they made 
no serious study of the relationships between weapons of 
different types The modern student, on the other hand, 
makes a close study of the weapons and of the relationships 
between weapons of different types, but makes no seiious 
study of the actions and movements of the wieldeis of the 
weapons. Neither the methods of the ancient Greeks nor the 
methods of the student of today have allowed much knoW’ 
ledge to be obtamed of the machinery of the body^ of the 
wielder or of the weapons. The ancient Greeks did not 
discover the relationships between the actions and move- 
ments of the wielders of one type of weapon and those of 
the wielders of another type; and the modern student has 
not yet discovered the laws governing the relationships 
between weapons of different types, and has not yet any clear 
ideas of the ways in which types of weapons originate and 
evolve. But by combining the two diverse but complement- 
ary methods, as has been done in this work, knowledge can 
bo obtamed of the relationships between the actions and 
movements of the wielders of different types of weapons, and 
of the ways in which types of weapons oiiginate and evolve. 
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THE FISr 

W EAPONS can be foimed by parts of the body. The 
hand can form a list or claws for use agamst an 
opponent. The elbow or knee oi fool or head cau 
be used as a weapon. The whole body can be used as a 
weapon by being hurled against an opponent. But the hand 
is the pan ol the body which most often loinis the oflensive 
contrivance which is immediately used against an opponent, 
and the fist is the type of contrivance most often formed and 
used. 

The fist IS a veiy complex conlnvance and has .1 veiy 
complicated stiucture. Some of its main features, may be 
briefly noticed. Parts of the fist are formed by the main 
joints of the fingers, or parts of Uie fingers between the mam 
and middle knuckles. Parts are formed by the middle joints, 
or parts of the fingers between the middle and top knuckles. 
Parts are formed by the top joints, or parts of the fingers 
between the top knuckles and linger tips. Parts are formed 
by the mam and middle and lop joints of the thumb. Parts 
are formed by the bones of the hand. Main knuckles are 
formed where the fingers arc jointed to the hand; middle 
knuckles where the main and middle joints meet, and top 
knuckles where the middle and top joints meet. The knuckles 
are of differrat shapes and sizes, and each has its special 
place in the fist. The main finger joints axe approximately 
parallel to each other; the middle Joints to each other; and 
the finger ends to each other. The finger nails lie instde the 
fist and add to its strength. 

The fist is not composed of the same materials through- 
out. Some parts ate made of skh>. others of bone pr flesh 
of sinew or blood or other materials. Each part of the fist 
has its own part to play when a blow is being delivered, and 
the part each plays depends on the way the fist is being used. 
Ctertain knuckles ^ay more prominent parts' than others. The 
nails lymg m the flri; do ndt play jjtominetit parts. The 
23 
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thumb nail plays a more prominent part; but the opponent is 
usually hit by its surface, and its edge is little used: 

When the fist is being used certain parts of the body per- 
form certain actions. Knowledge of the parts directly used 
ill the wielding of the fist and of their actions cannot easily 
be obtained by observation of anyone using the fist against 
an opponent, for the body is a very compleK contrivance and 
its actions and moveraents when used against an opponent 
are very complicated- But some of the parts and their actions 
and movements can be noticed in a general way- Thp fist is 
the weapon formed by the body to inflict the blow; the 
weight of the blow depends partly on the weight of the fist; 
the arm is straightened to deliver the blow, and the weight 
of the arm contributes to the weight of the blow; the weight 
of the body steadies the body when the blow has been deli- 
vered; the legs are so placed at any time that balance shall 
be maintained; the movements of the left hand arc related to 
those of the right hand; the movements of the feet arc 
related to those of the hands. 

The type of weapon formed by the fist depends partly on 
the way it is used. It forms one type of weapon when it is 
used to deliver a hammer blow; another type when it is used 
to deliver a swinging blow; another type when it is used to 
deliver an upper cut; another type when it is used to deliver 
a straight thrust; and so on. llie type of weapon it forms 
depends also partly on the parts of the fist which come into 
contact with the opponent. It forms one type when a blow 
is delivered by the main knuckles; another when a blow is 
ddivered by the middle knuckles: another when a blow is 
delivered by the top knuckle of the thumb; another when a 
blow is delivered by the second knuckle of the thumb; 
another when a blow is delivered by the lowest knuckle of 
the thumb; anothesr when a blow is delivered by the flat of 
the fist; another when a blow is delivered by the side of the 
forefinger and thumb; another when a blow is ddivered by 
the side of the hand and little finger; and so on. It also 
forms one type of weapon when one knuckle only hits the 
opponent; another when two knuckles and one thumb 
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knuckle hit the opponent; and so on. The type of weapon 
it forms also depends partly on the way the fist is clenched. 
DiiVercnL types of weapons are formed when the thumb is 
placed over the forefinger and middle finger, and when it is 
placed at the side of the forefinger, and so on 
The fist IS held rigidly to the forearm, It is les.s tightly 
clenched when, it is being wielded than when the blow is 
about to be delivered and when it is being delivered. When 
the blow is about to be delivered and when it is being deli- 
vered ttie hand is very tigliUy clenched; and the wrist is firmly 
set and the fist very rigidly connected to the forearm. 

The movements of one fist are balanced by the movements 
of the other fist which is almost the same in size and shape 
and weight. The movements of the fists in the direction of 
the opponent arc very similar but opposite. If one fist goes 
forward, the other comes back; if one ascends, the other 
descends, and so on. The movements of the fists round the 
body are very similar and in the same directions. If the 
body is turned to the right, both fists swing round to the 
right moving in approximately similar curves and through 
equal distances. Similarly, if the body is turned to the left, 
both fists swing round to the left moving in approximately 
similar curves and through equal distances. The movements 
of the fists on account of the raising or lowering of ilie body 
are similar and in the same directions. If the body is raised 
or lowered, both fists are raised or lowered equal distances 
each being raised or lowered a distance equal to the distance 
the body is raised or lowered. The movements of the fists 
and feet are related, but may be similar or opposite in 
directions. The right fist and right foot may be thrust for- 
ward or dravwt back together, or the left fist and right foot 
may be thrust forward or drawn back together. When the 
fists are moved quickly the positions of the feet must be 
changed quickly to correspond. The direction of the blow 
is approximately the direction of the line joining the fists at 
the moment the blow is delivered; and the direction of the 
opponent at the moment the blow is delivered is approxi- 
mately the directiofi of the line joining the feet 



26 


MKCHANK’Al, BIOUKIV 


The flst consists entirely of living organic parts. It i.s a 
weapon, formed wholly by the hand, and the weapon used 
against the opponent has no artificial or mechanical parts. 
All the elements of which the hand is composed are howevet 
found in the organic materials of mechanical weapons, and 
some of the elements arc found in their inorganic materials. 

Knowledge of the features and structure of the list and of 
its actions and of the actions and movements of the body 
when wielding a list can however best be obtained indirectly 
by a study of various types of hand weapons. It .will be 
shown that each part of a hand weapon is a copy of some 
part of the fist, and that the mechanical part is operated or 
wielded by the human part and is made to carry out actions 
against the opponent on behalf of the human part, the 
mechanical part acting as an agent of the liuman part for 
offensive purposes. Since each part of a hand weapon is a 
copy of a part of the flst examination of hand weapons and 
of their actions gives some knowledge of the fist and of its 
actions. No hand weapon reproduces more than a few of 
the parts of the fist, and usually a part of a weapon is a very 
imperfect reproduction of a part of the flst. Full knowledge 
of the fist and of its actions cannot therefore be obtained, 
but many things can be learnt about the fist and Us actions, 
by examination of hand weapons and of their actions. 
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THE ROUND STONE 

P roperties of the fist made use of in delivering a 
blow are its si7e, weight, and hardness. The mass of 
bones, sinews, veins, blood, etc., forms a fairly hard, 
roundish object to hit an opponent. But the fist is a delicate 
contrivance which can be easily damaged. The joints can be 
easily dislocated or the blood vessels burst or the skin 
broken. Almo.st any hard, roundish object of about the size 
of the fist would be preferable for wielding by the forearm 
if it could be made to take the place of the fist. But it is 
not possible to replace the fist without removing the hand; 
and lemoval of the hand is not desirable. No doubt, if any 
great advantage could be obtained for offensive purposes by 
removal of the hand and substitution of a hard, roundish 
object, the method would have been used at some time or 
another. But even if the desperate expedient of removing 
the hand were adopted, means of fastening the object to the 
forearm would have to be devised, and would be difficult to 
devise satisfactorily. The fist, however, can be partly 
replaced by means of fcertain types of weapons, so that a 
kind of fist partly human and p^y artificial is formed, a 
human part being formed by the hand and an artificial part 
being formed by the weapon. Fastenings can also be formed 
by the hand aiid by the weapon to hold together the human 
and artificial parts of the fist. 

Some understanding of the ways in which the hand and a 
weapon can together form a kind of fist, and of the ways in 
which the hand and a weapon can be held together, can be 
obtained by considering the Way In which a .spherical stone 
cnn be held and used to dub an opponent. 

The size of the spherict;! stone that can with greatest 
advanfage be used to club an opponent is determined within 
ddse limits by the size of the hand. In order lhat the fnU 
power of the wieldd may be the atone ninst, lie 

%1 
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within the hand against the palm. It is advisable that only 
the stone shall hit the opponent, and that the chds of the 
fingers shall not be sandwiched between (he stone and the 
opponent. If a linger end is sandwiched, the force of the 
blow is softened for the opponent, and the finger end 
receives much of the force of the blow, and the result may 
be more painful and damaging to the wielder than to the 
opponent. As large a stone as possible must therefore bo 
held so that the danger of sandwiching shall be as small a.s 
possible; but the stone must be small enough for t^e hand 
to enclose most of it, or it cannot be held and will fall from 
the grasp. The diameter of the largest spherical stone that 
can be ellectivcly held by the hand is about half the span 
of the hand or rather less, the span being the distance 
between the tips of the thumb and little finger of the out- 
stretched hand. The span of the hand varies with different 
hands, and therefore the size of the stone that can be wielded 
with most advantage varies with different hands. 

The fastenings which hold the hand and stone together arc 
formed partly by the hand and partly by the stone. The 
hand and fingers close partly round the stone which nearly 
fills the hand. The stone rests against the palm, and the 
Ups of the fingers begin to close round the parts of the stone 
opposite the palm. The hand and fingers adapt themselves 
to Uie shape of the stone, and the flesh whete it is in contact 
with the stone is deformed to take the shape of the stone. 
A pouch to hold the stone is formed by the hand and fingers 
which almost exacUy fits the stone; and if the stone could 
be removed from the pouch without altering the shape of the 
pouch, it could be seen that the shape of the interior of the 
pouch reproduced very closely the shapes of the parts of the 
stone with which the hand and fingers had been in contact, 
and that the interior of the pouch formed parts of a sphere. 

The interior of the pouch formed by the hand and fingers 
does not exactly reproduce the shapes of the parts of the 
stone with which it is in contact, because of the presence of 
creases on the insides of the hand and fingers. Three main 
creases are formed on the inside of each finger, 'The first is, 
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fonued at the inside of the top knuckle; the second at the 
inside of the middle knuckle; and the third where the linger 
meets the palm, When the hand is open and the lingers 
arc stretched straight out, the creases on the lingers appear 
as separate transverse creases at the insides of the knuckles, 
but when lire hand is closed they tend to come into three 
straight lines crossing the fingers. A crease is formed at the 
inside of the top knuckle of the thumb; and anoth^* at the 
inside of its second knuckle; another diagonally across the 
hand wjicre the thumb is joined to tlie palm. Great numbers 
of smaller creases are also formed on the insides of the 
lingers and palm. The creases prevent an exact correspond- 
ence of the pouch and the surface of the stone; but act in 
much the same way as treads on vehicle lyres in giving a 
^od grip. Furthermore, when the hand is open and the 
fingers are stretched out but closed, three grooves of irregu- 
lar shapes are formed between the fingers. These grooves 
are very wide when the lingers are separated to hold a large 
sioue; but act in much the same way as the grooves between 
the treads on vehicle tyres in helping to give a good grip. 

Complementary parts of the fastenings to those formed 
by the hand to hold the hand and stone together are formed 
by the stone. The shape of the stone allows the tips of the 
lingers and thumb to begin to close round the stone. The 
stone conveniently Sills the hand, which naturally takes a 
shape when nearly unclenched which would partly enclose a 
spherical object. The surface of the stone may provide a 
good gripping surface for the hand. Friction is called into 
play between the skin and the surface of the stone; and the 
amount of friction called into play depends on the materials 
of the stone and on the nature of its surface. When the stone 
is rough the amount of friction between the skin and surface 
of the stone is greater than when the stone is smoother; and 
a stone with a rou^ surface forms more of the fastening s 
to hold the hand and stone together than one which is 
smoother. The amount of friction called into play between 
the hand and the stone depends also partly on the pressures 
exerted by the fingers; and yrhen the stone is rou^, the 
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I'uigcis ucoU uoL prebs ho liimly iib when ihc hlonc is smooihci. 
A rough bloiic ihcrcforc partly relieves iho hand o£ the ncctl 
for providing llic fastcuingb lo hold the hand and stone lo- 
golher, and the rougher the stone the more the hand is 
relieved oi the need for providing some of the fastenings, 
but however good a grip is provided by the surface of the 
atone, tile lingers cannot be relieved entirely of the need for 
cxcrtuig some pressure to hold the hand and stone together. 
The lastcnings which hold the hand and stone togctlier are 
therefore formed partly by the hand and partly by llie stone. 
The parts formed by the hand and the parts formed by the 
stone are uomplementary, for the shape of the pouch is 
complementary to the shape of the stone, and the frictional 
devices provided by the hand are complementary to tliosc 
provided by the stone. 

The Ungers hold the stone in a maimer somewhat resembb 
mg the manner in which a spherical precious stone is held 
to its setting by metal claws. The finger ends which press 
oil the surface of the stone opposite the palm arc joined to 
the arm by means of the lingers and their coimcclions within 
the hand and wrist and forearm. The fastenings for each 
linger end are sepai'ately formed as far as the web of (he 
hand, but are joined within the hand and wrisf and foroann. 
Just before delivery of a blow and while a blow Is being 
delivered, the wrist is very firmly set, and the fastenings hold 
the stone very firmly, and the hand and stone and arm arc 
very rigidly joined to^tha:. 

The types of blows that can be given by the contrivance 
formed by the hand and stone ai‘e fewer in number than those 
that can Be given by the unweighted fist. It is not desirable 
that the Sngens shall come in contact with the opponent, and 
the opponent must be hit, if possible, only by the stone. The 
types of blows must therefore correspdrid approximately to 
those that Can be given by the bare fist when thC palm faces 
the Opponent. A blow Cannot be ^ven by the back or side 
of the hand or the stone will be forced out of the haHid, A 
|itonmer typCf'of blow is the type that can most easily be 
nppi^ Oust could "bo given; but the palm would 
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Jwvc (o be held facing upwardsi. and ihe weight of the htone 
would act* against the duccUon of the blow A swinging 
blow could be given, but ctu-c would have to be taken to keep 
the palm facing the opponent so that the exposed surface of 
the stone would deliver the blow. 

The hand and fingers when a spherical stone is being 
Wielded are not required to come into contact with tlic 
opponent. The exposed surface of the stone hits the oppon- 
ent, and releases the hand from the need for dncclly 
deltvenug the blow The work of hittmg the opponent is 
directly carried out by the stone, but of course mdirecUy by 
the hand which diives the stone against the opponent. The 
weight of the stone for descending types of blows is added 
to the weight of the hand; but the weight of the stone is of 
more immediate importance in giving weight to the blow 
than the weight of the hand. The stone therefore partly 
releases the hand fiom the work of directly providing the 
weight of the blow. Indirectly, of course, the Wd provides 
Ihe weight of the blow, for it raises the stone and assists its 
downward motion against the opponent. 

The contrivance formed by the band and stone like that 
formed by the unweighted fist is roundish in shape; but is 
larger than tlie unweighted fist. The main joints of the con- 
trivance ore not at right angles to the palm and parallel to 
each other as when the bare fist is used but fork straight out 
from Ihe hand, and compared with their positions in the fist 
ore turned nearly through a right angle. Each middle joint 
is bent through about forty five degrees from the line of the 
main jomt; and each top finger jomt is bent through about 
forty five degrees from the line of the middle joint so that it 
is approximately at right angles to the palm. The main 
knuckles are not prominently formed, and can hardly be 
disliugqished from the back of the hand and main joints. 
The middle knuckles are mucli less promineutly formed than 
in the fist. The top knuckles which are prominently formed 
but nearly hidden in the fiat ore not prominehtly formed in 
the contrivance but can be Wdl seen. The finger nails which 
are hidtlen in the fist are visible in the cohtrivance, The 
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tliuinl? is yluocd opposite the lingers iuid is about Ivalf uu- 
denclicd. The surface of (he sloac lorms a kind «f arlihcial 
wob between the lingers and between the lingers and thumb. 
The surface of the contrivance between the lips of the lingers 
iuid the thumb is formed by the stone, and is part of a 
sphere. The back of the hand and wrist of the contrivance 
are very similar to the back of the hand and wrist of the list. 

The contrivance consists of two main parts. A human part 
is formed by the hand, and an arlilicial part is formed by the 
stone. The hand forms the outer part, and the stone the 
inner part of the contrivance. The contrivance is fairly rigid, 
and the hand and stone move together in all movements and 
cannot have independent movements. The lingers cannot be 
separately manipulated, and retain the same relative posi- 
tions to eadi other throughout all movements. 'I’he 
contrivance is firmly joined to the arm. The movements of 
the stone and hand are stopped at the moment the blow is 
given, and the movements of the arm are also slopped at the 
same moment. 

The form of the hand can be obtained approximately from 
the form of the bare list by gradually unclenching the haiul 
until the fingers form daws as if for use against an opponent. 
The interior of the hand when it is unclenched to the position 
of forming daws approximately forms parts of the surface 
of a sphere. The form of the hand when wielding the stone 
is kept by the stone. 

Certain advantages are gained by pai-tly replacing the fist 
by a stone. A heavier and harder blow can be given. If the 
blow is given by the stone the hand is saved from damage. 
The range of the wielder when a stone is held is slightly 
greater than when the bare fist is used. But the advantages 
are accompanied by disadvantages. In order to avoid sand- 
wiching the fingers, the contrivance must be carefully directed 
so that the stone hits the opponent. Considerable strain is 
placed on the fingei's in holding the stone. The wrist has the 
work of wielding both the hand and stone, and u firmly set 
wrist is not so easily formed. The forearm cannot move the 
hand and stone as easily as the fist; and the movements of 
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tho body arc hlowcd down, and (he opponcnl caa more easily 
SCO the pi'eparatious for a blow and avoid the blow Ilian 
when the bare list is the weapon. The balance of the body 
is upset, because the unweighted hand cannot so easily 
balance the hand and stone, and the body must lean away 
from the stone to help to balance the stone. The guard is 
less effective, for the arm is raised for a longer period than 
when the fist is used, and the user can be more easily 
attacked, 

• 

Further knowledge of the ways in which the hand and a 
stone can together form an offensive contrivance and 
fastenings to join the hand and stone can be obtained by 
studying the form of the contrivance when the stone is 
approximately spherical and possesses small projections and 
indentations on its surface. 

When a roundish stone possessing small projections and 
indentations is held, the relationships between the hand and 
stone arc slightly different from those between the hand and 
a spfiorical stone. The projections and indentations help to 
release tho hand from the need for forming fastenings, for 
they provide catches which assist in fastening the hand and 
stone together. Tho hand can immediately form a close 
lilting pouch for the stone because of its peculiar construc- 
tion and the soft linings of flesh on the insides of the hand 
and fingers. The fingers are separate and can bend inde- 
pendenlly to fit into indentations and grooves. The fingers 
and hand tend to slip into the indentations and avoid the 
projections. The flesh is deformable and can fill small 
indentations and partly siurround small projections. It presses 
into the indentations and takes their forms, and the projec- 
tions press into the flesh and impress their forms on it. The 
hand and fingers form a pouch whose interior corresponds 
closely in shape to the shape of the parts of the stone with 
which it is in contact, and the hand and stone arc then firmly 
fastened together. H the stono could be removed from the 
pouch without altering tlie form of tho pouch, the shape of 
lire parts of the stone with which the hand and fingers had 
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been in contact could be seen on the intcrioi* of the pouch. 

The creases of the fingers and the grooves between the 
fingers play less prominent parts in holding the hand and 
stone together when the stone is irregular in shape and has 
projections and indentations than when the stone is spherical, 
in the same way as the treads on vehicle tyres play less 
prominent parts in holding the tyres to a surface when the 
surface is rough or broken. 

The claws formed by the hand and fingers are more 
deformed than when the surface is spherical, for finger 
ends press into indentations of different depths; or some may 
lie over projections and some m indentations. The shapes 
of the claws may th^ be more like the shapes of claws 
holding an irregularly shaped precious stone to its setting. 
The fastenings extend within the hand to the wrist and fore- 
arm; but each fastening is slightly modified in shape and 
position compared with its form when holding a spherical 
stone, and each exerts a slightly difierent pressure froJ^ the 
pressure it would exert if it held a sphmeal stone. 

The types of weapons that can be formed when an 
irregularly shaped stone is wielded are more various Uian 
when a spherical stone is wielded; and depend partly on tlic 
particular projections which come into contact with the 
opponoit. and on the shapes and positions of the projections, 
and on the way the contrivance is wielded. One type of 
weapon is formed whan one projection hits the opponent; 
another when a difierent projection hits the opponent: and 
■ so on. One type of weapon is formed when one 
projectioa hits the opponent; another when two projection.s 
hit the opponent; another when three projections hit Ihc 
opponent: and so on. One type of weapon is formed 
when h sharp projection hits the opponent; another 
when a blunt projection hits the opponent; and so on. 
One type of weapon is formed when a slashing blow is 
given by a projection; another when the same projection 
is thrust at an opponent; and so on. All types of 
blows or thrusts, however, must be given by the con- 
trivance wift the palm facing ihe opponent. Blows With 
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the side or back of the hand or by the fingers or thumb can- 
not easily or safely be given. Many of the types of blows 
that can be given by the bare fist therefore cannot be given 
by the contrivance. 

Certain advantages are gained through the presence of 
projections on the stone. Sharper blows can be given, and 
the opponent can be more easily damaged. But toe advan- 
tages are accompanied by disadvantages. The stone must 
not possess sharp projections on toe parts in contact with 
toe hand and fingers, and must be placed in the hand so 
that Its projections face toe opponent. It cannot therefore 
be fitted to the hand quite as quickly or easily as a spherical 
stone. Leverage may be exerted on the contrivance when 
the opponent is hit by a projection which may pl^ce addi- 
tional strain on toe fingers and wrist. Although the irregular 
surface may allow the stone to provide more of toe fasten- 
ings, the pouch may fit less closely in certain places and may 
be less easily and quickly formed than when a spherical 
stone is held. 

* * * * * 

The above brief study of toe ways in which the hand and 
a stone together can form an offensive contrivance, and toe 
hand and stone can together form fastenings to hold toe 
hand and stone together, reveals sev^al important facts, 
among which are toe following: — 

1. The stone by itself is an incomplete weapon: the 
complete weapon is formed by toe hand and stone together. 

2. The contrivance formed by toe hand and stone has 
many features of the fist. 

3. The contrivance consists of two main parts : a human 
part formed by the hand, and a mechanical part formed by 
the stone. 

4. The forms of toe hand and stone are complementary. 

5. The contrivance is wielded in much the same way as 
toe fist. 

6. The hand is released by toe stone from toe need for 
directly delivering the blow. 
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7. The type of weapon formed by the hand and stone 
depends on the way the contrivance is used and on the paits 
which come into contact with the opponent. 

8. The fastenings which hold the hand and stone together 
arc formed partly by the hand and partly by the stone. 

9. The human and the mechanical parts of the fastenings 
holding the hand and stone together are complementary. 

10. The contrivance is held to the arm by fastenings 
formed by the fingers and their connections to the arm. 

11. All actions and movements of the body aie •affected 
by the partial replacement of the fist by a stone. 

12. Advantages gained by partly replacing the list are 
accompanied by disadvantages. 



ClIAPTFR 4 


THE EARLY GREEK CAESTUS 

I N early Greek times a hand weapon was formed by 
winding a thong of soft leather round the hand and fore- 
arm. The weapon which was a type of caestus formed 
a kind of boxing glove and was used in boxing contests. * 
The thong of the early Greek caestus was between ten and 
twelve feet in length: and the main part of the caestus was 
formed by winding the thong round the parts of the hand 
between the fork of the thumb and the middle knuckles of 
the lingers. The two top joints of the four fingers were 
uncovered and were bent until the ends of the fingers rested 
on top of the caestus. The thumb which was usually un- 
covered rested against the side of the caestus. Parts of the 
thong were wound round the wrist and forearm. 

A little study soon shows that the caestus made from a 
thong can be made of a certain si/c and shape but of no 
other si/c and shape; and tlial its size and shape are deter- 
mined by the size and shape of the hand. It does not form 
a complete weapon by itself. Complementary parts are 
formed by the hand; and the hand and caestus together form 
the complete weapon. 

The caestus provides a means of increasing the weight of 
the blow, for the weight of the caestus is added to the weight 
of the hand. It might seem that the size of the caestus and 
Uierefore the weight of the blow could be easily increased 
by winding more turns of the thong round the hand; but the 
number of turns of the thong must not be so many that the 
thumb is forced outwards to any appreciable extent, or the 
thumb may be sprained if it comes in contact with the 

♦ hor descriptions and illustrations of Ihe caestus see--— H. S. 
Cowper, F.S.A., The Art of Attack; E. Norman Gardiner, M.A., 
D.LITT., Greek Athletic Sports and Festivals, Athletics of the 
Ancient World; W. W. Hyde, Olympic Victor Monuments; Su W. 
Smith, LL.O., Dictionary of Greek and Roman Antiquities; etc, 

yi 
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opponent. The caestus must just reach to the thumb and 
allow it to rest in a natural and easy position against the side 
of the caestus. The breadth of the caestus is therefore closely 
determined by the si2e and shape of the hand on which it is 
wound. 

The width of the part of the caestus wound round the 
hand, measured from the fork of the thumb to the middle 
knuckle of the forefinger, is determined by the distance 
between the fork of the thumb and the middle knuckle of 
the forefinger. The thong must not be wound round the 
middle knuckles of the fingers or the two top joints will not 
be able to bend and press on the top of the caestus to help to 
hold the caestus to the hand. It must not be wound deeply 
into the fork of the thumb or the thumb may be constricted. 

The thong cannot be wound round the two top joints oi 
the fingers. If it were wound round the two top joints, the 
fingers would be forced to a point: and a blow given by the 
points of the fingers with the weight of the hand and caestus 
behind it might be more painful to the giver of the blow 
than to the receiver, and might result in dislocation of, the 
finger joints. Also the caestus would be more liable to 'slip 
off the hand if it were wmmd round the ends of the fingers. 

The two top joints of the fingers must be bent so that tlie 
ends of the fingers lie on the top of the caestus and keep tile 
shape of the hand and the shape of the caestus. If tlie two 
top joints are not bent, the thong will draw the main knuckles 
of the forefinger and little finger towards each otlier so that a 
hollow is formed in the palm; but if the two top joints arc 
bent, a strong, flattish surface is formed by the palm and main 
joints of the fingers which can resist the pressure exerted by 
the thong to draw the sides of the hand together. 

The width of the caestus therefore must be rather less than 
the distance between the fork of the thumb and the middle 
knuckle of the forefinger- The width varies slightly with 
different hands; and a large hand requires a slightly wider 
caestus than a small hand. 

The size and shape of the parts of the caestus wound 
round the band are tbereEore determiued within dose limits 
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by ihc size and shape and form of ihc hand, and die form 
of the cacslus must be complementary to the form of the 
hand. 

It is clear that before winding the thong a strong, flattish 
surface must be formed by the main joints and palm. The 
thong must not be wound so closely into the fork of the 
thumb that the thumb is constricted, nor so closely to the 
middle knuckles that the middle joints cannot be bent at 
right an^es to the palm and the finger ends be bent down- 
wards so that they are about on a level with the top of the 
thumb. The thumb must be straightened and be moved 
outwards while the thong is being wound round the hand, 
and when the thong has been wound must be able to resume 
its position and lie easily and comfortably against the side 
of the caestus. The thong must not be wound round the 
hand so tightly that the fingers are constricted, and they must 
be free to straighten or bend at will. The parts of the thong 
which are not wound round the hand are wound round the 
wrist and forearm, and help to hold the caestus to the arm 
and act as supports for the wrist. 

The fastenings which hold the hand and caestus together 
are formed partly by the hand and partly by the caestus; 
and the parts of the fastenings formed by &e hand are com- 
plementary to those formed by the caestus. The main part 
of the caestus forms a dasp which fits closdy round the 
hand. The parts wound round the wrist and forearm are so 
shaped that they form clasps which fit closely to hold them- 
selves to the hand and the tniun parts of the caestus to the 
hand and wrist and forearm. The ends of the fingers press 
on the top of the caestus and act as a catch to prevent it 
slipping off the hand- The fork of the thumb acts as a catch 
to prevent the caestus slipping up the hand. The part 
of the caestus round the hand can be deformed to some 
extent by the pressure of the hand, and comes partly 
to the shape of the hand; but it forms a fairly solid 
band, and cannot be much deformed. The flesh of the 
hand however is much softer and'*can be more easily 
deformed and comes easily to the shape of the inner 
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surface of the band, and thus a fairly close and accurate (it 
of the hand and main finger joints and inner surface of the 
band is obtained. The ends of the fingers press on the top 
of the caestus and arc slightly llattened, and take the shape 
of the parts of the top of the caestus with which they are in 
contact. The parts of the tliong round the wrist and forearm 
take the shape of the parts of the wrist and forearm witli 
which they are in contact. The flesh of the wrist and fore- 
arm is soft and allows the thong to form grooves in which 
to lie: and the flesh rises partly round the sides of the thong 
and prevents it slipping sideways. The flesh is softer than 
the leather and adapts itself easily to form complementary 
parts of the fastenings formed by the inner surfaces of the 
thong. The fastenings formed by the hand and by the 
caestus could easily be seen to be complementary if the hand 
and caestus could be separated without altering their forms. 
The parts of the hand and parts of the caestus which had 
been in contact would be seen to corre.spond almost exactly. 

The various creases of the fingers and palm and the 
grooves between the fingers play small but important parts 
in holding the hand and cae.stus together. Grooves are also 
formed by the turns of the caestus, and the parts of the 
grooves in contact with the hand and fingers act in much the 
same way as treads on vehicle tyi’es in helping to give a good 
grip, and the flesh is forced up into the grooves. The grooves 
formed by the turns of the thong wound round the wrist and 
forearm also act in much the same way as treads on vehicle 
tyres in helping to give a good grip. If the thong is wound 
three times round the wrist and forearm, the turns lie next to 
and parallel to each other, and two grooves are formed, and 
the flesh is forced up into the grooves. If the tliong is wound 
twice round, one groove is formed; if four times, three 
grooves ate formed. 

The fastenings holding the hand and caestus together are 
in two main parts. Human parts are formed by the hand 
and artificial parts by the caestus. The hand is partly released 
from the need for forming fastenings by the fastenings 
formed by the caestus. The hand need consciously exert 
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little pressure to hold the caestus, for the thong is wound 
fairly tightly and exerts pressure to hold the hand and caestus 
together. The pressure exerted by the caestus depends on 
the way the caestus is wound. The thong must be wound 
lightly enough to hold itself firmly to the hand; but must not 
unduly constrict the hand. To obtain the fight pressure is a 
matter of experience. The lightness of the first turns round 
the hand especially must be carefully adjusted, for each turn 
made over turns already made increases the pressure. 

The /bong is made from ox-hide, raw or dressed with oil 
or fat to render it more supple, and conforms easily to the 
shape of the hand and wrist and forearm. Turns made 
round the hand above those already made unite firmly with 
those below so that a fairly solid mass is formed round the 
hand. The thong must be soft and supple and its nature as 
nearly as possible the same as that of the skin and fiesh so 
that it may fit the hand and wrist and forearm closely and 
form a close union with the parts with which it is in contact. 
It must also form padding to protect the hand from the jar 
of the blow. The thong as it forms a solid mass round the 
hand forms iiadding on the iiuier surface of the mass against 
the hand, and the parts of the thong round the wrist and 
forearm also form their own padding for the wrist and 
forearm. The heat of the hand is preserved, and is not 
carried away as it would be if the caestus were made of metal 
or some other heat conducting substance or as it is carried 
away when a .stone is held; but the thong is not as porous as 
the skin, and air and moisture cannot pass easily directly 
through the thong from the hand, and ventilation must be 
effected by air escaping and being drawn in between the hand 
and the lop and bottom of the caestus. 

The fist is held to the arm by complicated fastenings 
formed by the skin, sinews, bones, etc., of the hand and wrist 
and forearm. The main part of the caestus is held to the 
arm partly by human fastenings and partly by artificial 
fastenings. The finger ends which press on the top of the 
caestus are held to the arm by fastenings foimed by the 
fingers and their connections within the band and wtist and 
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forearm. The fastenings for each finger end arc separately 
formed from the end of the finger to the web of the hand, 
but within the hand and wrist and forearm are connected to 
the fastenings joining the other finger ends. The skin forms 
part of the fastenings which hold the main part of the caestus 
to the arm. for friction holds the caestus to the skin, and 
the skin of the lower part of the hand and of the wrist and 
forearm tightens if the caestus begins to move off the hand 
and helps to prevent further movement off the hand. The 
main part of the caestus is also held to the arm by tlie parts 
of the thong wound round the lower part of the hand and 
round the wrist and forearm. The thong cannot hold the 
caestus firmly to the arm without the help of the human 
fastenings, and the fingers and skin cannot hold the caestus 
to the arm without the help of the thong. Both tire human 
and the artificial fastenings are needed to hold the main part 
of the caestus to the arm. 

The hand itself is held to the arm not only by human 
fastenings formed by the skin and parts within the hand and 
arm, but also partly by the artificial fastenings formed by the 
parts of the thong round the wrist and forearm. If the main 
part of the caestus begins to move off the hand, it tends to 
puU the hand away from the arm. It is fastened by pressure 
to the skin which begins to move with the caestus away from 
the arm and off the hand. Much movement of the ring and 
skin is however prevented partly by the tightening of the 
skin and partly by the tightening of the parts of the thong 
round the wrist and forearm which therefore help to hold 
the hand to the arm. 

The fastenings formed by the caestus to hold itself to the 
arm partly replace the human fastenings in the work of 
holding the caestus and hand to the aim. The parts of the 
thong connecting the caestus to the arm carry out part of 
the work of holding the caestus to the arm, and partly 
relieve the human fastenings connecting the finger ends to 
the arm of this work. The finger ends would need to exert 
much pressure on the caestus at c^tain times to prevent it 
, slipping off the hand, and the human fastenings connecting 
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the linger ends to the arm would be under considerable 
strain if the work of preventing the cacstus slipping olT were 
not partly carried out by the parts of the thong connecting 
the main part of the cacstus to the arm. The actions of the 
human and artificial fastenings are complementary; for if the 
tensions of the human fastenings connecting the finger ends 
to the arm are decreased or increased, the tensions of the 
artificial fastenings connecting the main part of the caestus 
to the arm are correspondingly increased or decreased. The 
parts of. the thong connecting the caestus to the arm must be 
so ti^tened that their tensions are sufficient to relieve the 
human fastenings of any need for exerting undue tensions 
and being strained, but must not be tightened so much that 
the caestus is drawn against the fork of the thumb. The skin 
is partly replaced by the thong in the work of holding the 
caestus to the arm. for movement of the caestus off the hand 
is partly prevented by the thong, and the skin need not 
tighten so much to hold the caestus to the arm as if no thong 
were used. 

The parts of the thong round the wrist and forearm partly 
replace the human fastenings in the work of holding the 
hand to the arm. If parts of the thong were not wound 
round the wrist and forearm and the main part of the caestus 
began to move off the hand and its momentum relative to 
the hand was great, the skin as it was dragged with the 
caestus might be strained or lorn or chafed, and the other 
fastenings within the hand and arm holding the han^ to the 
arm might also be strained or torn. The skin and the other 
fastenings within the hand are not strong enou^ by them- 
selves to check the momentum of the caestus suddenly if it 
is moving with much velocity without injuring themselves, 
and the work of checking the momentum of the caestus must 
be partly carried out by the artificial fastenings formed by 
the parts of the thong round the wrist and forearm which 
partly replace the human fastenings. 

Movement of the caestus up the hand towards and against 
the fork of the thumb is partly prevented through the parts 
of the caestus round the main joints being of slightly smaller 
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secUonal area llian the parts round the nuiiii knuckles. The 
sections of the interior of the caestus taken at right angles to 
the palm and direction of the arm arc approximately ellipti- 
cal or oval; and are largest near the main knuckles and 
decrease slightly in size as they arc farther removed from the 
knuckles. Because they are largest round the knuckles and 
decrease in size with distance from the knuckles, movement 
of the caestus up or down the hand is partly prevented. The 
smaller size of the part above the main knuckles would not 
be sutBcient to prevent the caestus being pushed towiirds the 
fork of the thumb if a blow were given by the top of the 
caestus at the back of the hand. Tightening of the skin helps 
to prevent movement towards the fork, but frictional forces 
would not assist suflicienlly to prevent movement and the 
skin might be strained or chafed if movement relatively to 
the skin took place. Movement towards the fork of the 
thumb is probably mainly prevented by the plaiting of the 
thong between the linger joints. It appears that while being 
wound the thong is passed three limes between the main 
joints, once between the foreflnger and middle finger joints, 
once between the middle and third finger joints, and once 
between the third and little finger joints. It is not certain 
that the thongs were plaited between the Unger joints in this 
manner; but it is difficult to see that any other means could 
be used to prevent movement up the hand.* 

The contrivance formed by the hand and wrist and fore- 
arm and caestus bears many resemblances to a fist and wrist 
and forearm. The middle knuckles and joints of the con- 
trivance are little different in forms from die forms of the 
middle knuckles and joints of the fist, but their positions are 
modified. The top touckles and joints of the contrivance 
are more clearly seen than the top knuckles and joints of the 
fist. The finger nails are visible and are not hidden as the 
finger nails of the fist are hidden. The thumb is placed on 
the side of the caestus in much the same way as it is placed 
on the side of the fist, The lower part of the contrivance 

♦Pausanias says that the thongs were plaited, but does not describe 
the method. 
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near the wrisl is very similar in sliapc to the corresponding 
part of the list. The main knuckles and parts near the main 
knuckles of the contrivance are artiticial, and arc formed by 
the main parts of the caestus whose form is largely deter- 
mined by the shape of the main knuckles and parts near the 
main knuckles of the hand. The fastenings which eomiect 
the fist to the arm, except for the parts formed by tire skin, 
are within the hand and wrist and arc not visible; but the 
artificial parts of the contrivance comiecting it to the arm aie 
outside ihe hand and are visible. The contrivance formed 
by the hand and parts of the thong wound round the hand 
is larger than the bare fist; and is heavier by an amount 
equal to tlie weight of tlie parts of the thong wound round 
the hand. 

The form of the hand holding the caestus can be obtained 
from the bare fist by unclenching the hand until the palm and 
lower joints of the fingers form a tlaltish surface. The middle 
joints ai'e approximately at right angles to the inain joints 
as they arc in the fist. The main knuckles of the hand are 
not prominently formed but lie in the flattish surface formed 
by the back of the hand and the main joints; but the other 
knuckles are well formed, and are little different from their 
foru\s when in the fist. The main knuckles of the band need 
not be prominently formed because they are partly replaced 
by the prominent artificial knuckles formed by the main part 
of the caestus. 

The couU'ivance formed by the hand and caestus is in two 
main parts. A human part is formed by the hand, and an 
artificial or mechanical part is formed by the caestus. The 
hollow of the hand between the tips of the fingers and the 
palm is nearly filled by lire caestus, and the part of the 
caestus wilhhi the hand forms the core oC the contrivance. 
The contrivance is fairly rigid; and the hand and caestus 
cannot have independent motions, but move together in all 
movements as a unit. The human parts of the contrivance 
are formed of living organic matorigls; but the artificial parts 
are formed of lifeless organic materials. The materials and 
the structure of the materials of the thong however are 
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similar to the materials and structure of the materials of 
some of the human parts of the contrivance, and especially 
to tltc materials and structure of the materials of the skin 
and flesh of the skin. The parts of the thong connecthig tlic 
ring, or band, of the cacstus to the arm indeed arc very 
similar in materials and structure of the materials to the parts 
of the skin and flesh of the skin over which they lie, and the 
inner surface of the ring is very similar in materials and in 
the structure of the materials to the materials and structure 
of the materials of the skin and flesh over wnich it lies- The 
contrivance does not possess any inorganic parts, unless the 
oil with which the thong is dressed is mmeral oil. If the 
thong is dressed with animal fat or vegetable oil, it may 
possess mote materials resembling those of the hand. 

The caestus by itself is not a weapon. It cannot be formed 
without the hand which gives it its shape and keeps it in 
shape. It has no life of its own and no powers of acting 
against an opponent, and each of its parts must be moved 
against the opponent by its human counterpart. No part of 
the caestus is complete without its human counterpart; and 
the caestus does not possess any part which does not corre- 
spond to some part of the offensive contrivance formed by 
the hand. The form of the caestus is complementary to the 
form of the hand: and the caestus and hand fit almost exactly 
and together form a complete weapon. All parts of the 
caestus are correlated to all parts of the oflensive contrivance 
formed by the caestus and hand, and to ail parts of the 
machinery of the body which wield the contrivance. The 
fitting of the caestus ^ects all the actions and movements 
of the body; and the actions and movements of the wieider 
of a caestus are slower and more deliberate than those of 
the wieider of a fist. 

The opponent may be hit by the caestus only, or by the 
fingers only, or by the thumb only, or by the caestus and 
fingers, ot by the caestus and thumb. There is less danger 
of damaging the fingers through sandwiching than when the 
hand wields a spherical stone because the caestus is of softer 
materials than the stone; but damage to the ikumb or finger 
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joinls is more likely than when the bare fist is used if the 
thumb hits the oppoiitnl oi tlie fingers hit the opponent, 
because the weight of the caestus as well as the weight of 
the hand is behind the blow. A straight blow delivered by 
the middle knuckles of the fingers would place much strain 
on the mam joints and on the main knucldes of the fingers, 
because the main joints are in line with the palm, and the 
full force of the blow would be taken by the main knuckle 
joints. Although it is not easy to know how the contriv- 
ance was used by the ancient Greeks it seems probable that 
it was used so that preferably the caestus and not the fingers 
or thumb would deliver the blow and therefore that the types 
of blows usually delivered would correspond to those deli- 
vered by the main knuckles or sides of the bare fist. The 
types of blows usually delivered by the contrivance would 
therefore be fewer in number than those that could be 
delivered by the bare fist; but most of the types that can be 
delivered by the bare fist could be delivered in modified 
forms by the contrivance. The types of blows delivered by 
the caestus would not quite correspond to the types that 
could be delivered by the main knuckles and sides of the 
bare fist, because the main knuckles and sides of the fist are 
not very well reproduced in arfificial forms by the ring of 
the caestus. 

The ring of the caestus covers the main knuckles and the 
lower parts of the main finger joints and the part of the hand 
just below the main knuckles; and protects these parts, and 
releases them from the work of coming into contact with the 
opponent and directly delivering the blow. The blow given 
by the caestus, however, is indirectly given by the parts 
covered by the caestus, for the caestus is driven against the 
opponent by the parts of the hand immediately behind the 
part of the caestus which, delivers the blow. The part of the 
caestus which hits the opponent therefore partly replaces the 
'parts of the hand immediately behind it and partly releases 
them from their work of delivering the blow. 

Certain advantages are gained by partly replacing the fist 
by a caestus. Parts of the hand are protected and saved 
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from posbiblc damage and from llic need for coming iiilo 
coiilact wilh iho opponcnl. and a heavier blow can be deli- 
vered by ihe hand and cachlus than by the bare ILt. The 
advaulagei however arc accompanied by dihadvanlagc'.. 
Likelihood of damage to the cxpoi>ed parks of lire hand is 
increased if tlvey are allowed to deliver the blow. Damage 
to the main joints is more likely if a blow is given by the 
middle joints of tlic fingers. The wrist has more difliculty in 
keeping lirni and holding the weapon firmly to the foreaim 
although it is partly supported by tire parts of the thong 
wound round the vvilst and foreaim; and it cannot be much 
helped, because of the danger of constricting the wrist if the 
thong is wound too lightly. The forearm must wield a 
heavier weapon, and its movements camint be .so quickly 
carried out. The actions and movement of the body arc 
slowed down because of the weight of the caestus, and the 
opponent can more easily see the preparations for the blow 
and avoid it than when the fist is the weapon, The hand and 
caestus cannot be brought into action as quickly as the list. 
A long time is required to make the lliong, and .some lime 
is required to fit it to the hand; the bare list, however, 
requii'es no artificial parts, and can be formed ulmo.st at 
once. 
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THE LATER GREEK CAESTUS 

A CCORDING to W. W. Hyde, the soft tliong wound 
round the hand was used not to deaden the blow but 
to increase its force.* It is sometimes assumed that the 
early type of caostus formed from a thong of soft leather 
was used from a humane desire not to injure the opponent. 
The size and shape and weight of the caestus however arc 
determined within close limits by the size and shape and 
form of the hand, and a caestus made from a thong cannot 
be made larger or heavier than it was made by the ancient 
Greeks. The thong of the caestus also must be made of soft 
pliable material because of the need for providing padding 
for the hand, and flexible fastenings to connect the caestus 
to the arm, and die early type of caestus cannot be made 
harder or sharper than it was made by the ancient Greeks. 
The ancient Greeks spared their boxing opponents because 
they were unable to make their caestus a more damaging 
weapon. We may however credit them with being suffi- 
ciently interested in the science of boxing to use a weapon 
with wliich some of the finer points of boxing could be 
demonstrated, and with being willing and patient enough to 
sacrifice the natural desire to obtain as soon as possible a 
weapon wMi which the boxer could deliver more damaging 
blows. 

A type of caestus was later evolved by the Greeks which 
can inffict more damaging blows than can bo given by a 
caestus formed by a thong of soft leather. But the advan- 
tages given by its use are accompanied by some serious 
disadvantages, some of them being that it is more difficult 
to make and to fit and is more cumbersome and less easily 
Wielded than the earlier caestus. 

The main features of the later Greek caestus are a glove, 

1 Olympic Victor Monuments', also E, N, Gardiner, M.A>, DiLlTT., 
Greek Athletic Sports and Festivals. 
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a ring of hard leather round the hand of the glove, and 
straps or thongs holding the ring to the glove. Figure /. The 
ring consists of from three to five bands of hard leather ol 
nearly equal sizes and shapes, the bands having sharp edges. 



and being held togctlicr by clasps. 
The glove is padded and tils closely 
to the hand and extends well down 
the foreaim and someliines ends in 
a rim oi lleecc. It has no ftngei 
ends, and the two top joints ot the 
lingers are uncovered. 

An obvious method of making the 
caestus a more damaging weapon 
would seem to be by replacing tlie 
part of the caestus round the hand 
by a heavy melal ring or band. Such 
a method must almost certainly have 
suggested Itself to the Greeks, but it 
can be easily seen that a heavy metal 
ring round tho hand woyld be likely 
to bo more dangerous anil pen- 
lous to the wioldor than to ihc 
opponont, and could not successfully 
be used to replace parts of the fist. 
If the parts oi the hand and fingers 
between the fork of the thumb and 
the middle knuckles of the fingers 
were to bo surrounded by a band of 
metal of a breadth to reach the 
thumb, a very damaging Wow could 
be given; but if the fingers or thumb 


Fio, 1. 

BACK OF RIGHT 
HAND OF MARBLE 
STATUE OF BOXER, 
FROM SORRENTO 
Muieo Narionale dt 
Napoli 

(Prom a photograph) 


of the wielder hit the opponent as 
would probably happen during a 
boxrag contest, the fingers or the 
thumb would be sandwiched 
between the ring and the opponent 
and would receive much of ^e force 


of the blow, H the opponent was hit by the part of thencing 
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at the back or side of the hand, the hand would be hurl by 
being suddenly stopped against the inner surface of the ring. 
To minimize the possible or probable hurt from sandwiching 
or from the hand being suddenly stopped against the inside 
ot the ring, the outside parts of the surface of the ring 
opposite the huger ends and thumb could be padded and the 
inner surface of the ring could be padded; but the padding 
would have to be thick, and the size oi the ring would nave 
to be reduced considerably to allow room for the padding, 
lo fasten the paddmgs in the right places would be a ditn- 
cult matter. To prevent the rmg bemg driven against the 
fork of the chumb would be dillicult, and to prevent move- 
ment off the hand very strong fastenings would have to be 
provided to hold the rmg to the arm and would be difficult 
to devise without constrictmg the wrist. 

It can be seen therefore that a heavy metal ring could not 
easily or perhaps satisfactorily be made to replace parts of 
the list. But the Greeks managed to replace parts of the 
hst with some degree of success by means of a ring of bard 
leather. 

The manner in which the Greeks tried to solve the prob- 
lems of fastening the hand and ring of hard leather together 
can be fairly well understood from an examination of the 
seated boxer of the Terme in Rome or of the boxer from 
Sorrento in Naples. A glove covers the main joints of the 
fingers and the hand and wrist and part of the forearm. The 
two top joints of the fingers are not covered by the glove, 
but are exposed and free. The glove is padded, and the 
padding is especially thick just below the ring to prevent the 
ring slipping up or being drivel up into the fork of the 
thumb. The glove ends in a thick fleece of wool round the 
forearm. The ring is formed from three bands of hard 
leather of nearly similar shapes and sizes set one above the 
other and held togeth^ by clasps. Straps or thongs hold the 
ring to the parts of the glove round die wrist and forearm. 

The size and shape of the ring are dosely related to the 
size and shape of the hand- The breadth of the ring near 
the thumb is dedded by the condition that the thumb must 
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not be forced outwards to any appreciable cxlcjd. 'I'lie 
breadth of the ring at any other place cannot be much 
greater lliaii near the tliumb or the balance of the ring will 
bo ui>sct, and the leverage on the ring may be so great that 
very strong fastenings will be required to hold it to the 
glove. lite width of the ring must be rather less than the 
distance between the fork of the thumb and the middle 
knuckle of tlie forefinger. The interior of the ring must be 
large enough to allow for the glove and padding as well as 
for the hand. The shape of the inner surface of the ring is 
determined indirectly by the shape of the hand. If the ring 
fitted immediately round the hand without a glove. Us inner 
surface would be approximately elliptical or oval in section. 
But when a glove and padding arc placed round the hand the 
inner surface of the ring is slightly less elliptical and slightly 
more circular in section. 

The size and shape of the glove are decided by the size 
and shape of the hand and wrist and forearm. Bach part of 
the glove is made as nearly as ixissible to the size and shape 
of the part of the hand or wrist or forearm over which it 
lies. The lengths of the straps arc also decided by the .si/e 
of the hand and wrist and forearm. The size and shape of 
the glove vary slightly with diilcrcnt hands, slightly iM'gcr 
gloves being required for large hands than for smaller hand.s. 
Similarly, the lengths of the straps vary slightly witii 
different hands, slightly longer straps being required for largo 
hands than fur smaller hands. 

The sizes and shapes of the various parts of the cacslus 
are therefore closely related to the size and shape of the hand 
and wrist and forearm. The ring can be made of a certain 
size and shape, but of no other size and shape; the glove of 
a certain size and shape, but of no other size and shape; the 
straps of certain lengths, but of no other lengths. The only 
variations that can occur in the sizes and shapes of the parts 
of the caestus are caused by variations in the sizes and 
shapes of different hands and wrists and forearms. 

The fastenings which hold the hand and the glove of the 
caestus together are formed partly by the hand and partly 
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by the glove; and the parts of tlic fastenings formed by the 
hand are complementary to the parts formed by the glove. 
The fork of the thumb forms a catch to help to prevent the 
glove being pulled up the arm; and the fork of the thumb of 
the glove helps to prevent the glove being pulled up the arm. 
The three forks between the fingers also form catches to help 
to prevent the glove being pulled up the arm; and the three 
forks between the fingers of the glove help to prevent the 
glove being pulled up the arm. The hand is larger tlian 
the wrist, and the parts of the hand near the wrist and 
the wrist together form a device which helps to prevent 
the glove being pulled off the hand; and the part of the glove 
round the hand is larger than the part round the wrist, and 
the two parts together act as a device which helps to prevent 
the glove being pulled off the hand. Each part of the glove 
is helped to remain fastened to the part of the skin over 
which it has been placed and to which it corresponds by the 
friction exerted between the part of the glove and the skin, 
or between the part of the padding next to the part of the 
glove and the skin; and relative movement of the part of the 
glove to the part of the skin over which it has been placed is 
partly prevented; and the frictional devices between the part 
of the glove and the skin, or the padding and the skin, ate 
provided by the glove, or padding, and the skin together. 

The glove forms a casing which conforms closely to the 
form of the hand and wrist and forearm, Tt is made to fit 
the hand and wrist and forearm approximately; and stretches 
when it is worn and comes still more closely to the form of 
the skin. The creases on the .skin are fairly faithfully repro- 
duced by the glove where it is in contact with the skin 
especially after the glove has been worn for some time. The 
glove forms an artificial surface over the skin, and closely 
resembles the skin in form and in the markings made by the 
creases on the skin; and the separate fingers and the grooves 
between the fingers nearly as far as the middle knuckles are 
reproduced by the glove. 

The skin of the hand does not everywhere rest directly 
against the bones of the knuckles and joints. Padding 
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provided by the flesh and other components of the haiul lies 
between the skin and the bones of the knuckles and joints. 
The padding between Uie skin at the back, of lire hand and 
outsides of the fingers and the bones of the knuckles and 
joints is less thick than between the skin at the palm and 
insides of the fingers and the bones of the knuckles and 
joints. The padding is especially thick at the palm between 
the akin and the bone of the thumb. The side of the hand 
near the little finger is thickly padded. When the hand forms 
a fist the ends of the fingers lie against the soft pa'dding at 
the palm and the ball of the thumb, and when a Wow is given 
by the middle knuckles the fingers are driven against the soft 
padding which helps to soften the blow to the joints and 
finger ends, and when a blow is given by the thumb the blow 
is softened for the thumb and fingers lying under the thumb. 
The glove of the oaestus does not everywhere rest directly 
on the skin, but is padded in many places, and the thickness 
of the padding varies at different places. TWek padding is 
provided under the ring, and between the ring and the fork 
of the hand, and round the wrist and forearm. Many 
features of the hand and wrist and forearm arc therefore 
reproduced artificially but crudely and imperfectly by the 
glove and its padding. 

In addition to the fastenings joining the hand and glove 
fastenings are formed by the glove and the ring and straps 
to hold together the glove and the ring and straps. A bed 
or groove is formed on the surface of the glove in which tlie 
ring can lie, the bed or groove being formed by the pressure 
exerted by the inner surface of the ring on the ^ove. Grooves 
are also formed on the surface of the glove for the straps 
wound round the glove in which the straps can lie. The 
surface of the glove rises slightly along the sides of the straps 
and prevents the straps slipping sideways. The grooves 
formed on the surface of the ^ove for the ring and thp straps 
are of the same lengths as die hma: surface of the nng and 
the parts of the straps in contact with the glove. The Inner 
surfaces of die ring and the straps form opposite types of 
fastebings to those formed on the surface of the ^ove^ and 
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lit exactly into the grooves. The ring forms a clasp which 
helps to hold itself to the glove, and the straps form clasps 
which arc shaped like the parts of the glove with which they 
are in contact, and the clasps help to hold the straps to the 
glove. 

The forms of the inner surfaces of the ring and of the 
straps arc partly impressed on the hand and wrist and fore- 
arm, because the pressure of the ring and of the straps is 
felt by the flesh through the glove. Similar grooves to those 
formed on the surface of the glove are formed also on the 
surface of the hand and wrist and forearm; but the human 
grooves are not as sharply defined as those on the surface of 
the glove. The ring and the straps press into the grooves on 
the outer surface of the glove, and the opposite impressions 
on the inside surface of the glove press into the grooves on 
the hand and wrist and forearm, and a close fit is then 
obtained of the ring and straps and glove and hand and wrist 
and forearm. 

The form of the surface of the hand and wrist and forearm 
is almost exactly opposite to the form of the inner surface of 
the glove. If ^e hand and wrist and forearm could be 
removed from the glove and ring and straps without altering 
the forms of the hand and wrist and forearm and the forms 
of the glove and ring and straps, it could be seen that the 
shape of the hand and wrist and forearm was complementary 
to the shape of the inner surface of the glove. If then the 
ring and straps could be removed without altering their forms 
from the glove without altering its form, it could be seen that 
the shape of the parts of the outer surface of the glove which 
had been in contact with the ring and straps was comple- 
mentary to the shape of the inside surface of the ring and 
straps. If the hand and wrist and forearm, and the glove, 
and the ring and straps, could th^ be placed together they 
would fit almost exactly together: and a dose union of hand 
and wrist and forearm and glove aM ring and straps would 
be obtained. 

The manner of fitting the caestus to the hand and wrist 
and forearm is fairly dear. The caestus cannot be fitted to 
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tho hand complete, for the hand is larger than the wrist and 
cannot be inserted into the glove unless the straps round the 
wrist are loosened. The glove is therefore first placed on 
the hand, Tl is open, or split, at the palm and wrist so tliat 
the hand can be inserted. The fingers arc then inserted into 
the ting and the ring is pulled over Uic glove to lit closely 
round the hand and nearly into the fork of the thumb; but 
it is not easy to know whether the bands of the ring are 
placed one at a time over the hand or are first formed into 
a ring and tied together and then placed over the hand. The 
fingers are then bent so that their ends press on the ring: and 
the straps are wound round the hand and wrist and forearm 
of the ^ove, and their tensions are carefully adjusted so that 
they are complementary to the tensions exerted by the finger 
ends on the ring. 

The ring and the parts of the glove and padding and strap, s 
between the ring and the hand cover the main knuckles and 
main finger joints and part of the hand near the main 
knuckles, protect them, and relieve them of the work of 
directly delivering a blow; but indirectly a blow given by the 
ring and parts of the caestus lying between the ring and hand 
is given by the human parts over which the ring lies, for the 
human parts are behind the ring and parts of the caestus 
lying between the ring and hand, and drive the artificial parts 
against the opponent. The main knuckles and main joint.s 
and part of the hand near the main knuckles are there* 
fore partly replaced by the artificial parts which form 
artificial main knuckles and main joints and part of the 
hand near the main knuckles for the purpose pf delivering 
a blow. 

The ring and the parts of the caestus between the ring and 
hand do not relieve the thumb of the need for coming into 
contact with the opponent, for the thumb lies outside the 
ring. The blow, when the thumb hits the opponent, is 
directly given by the thumb, but indirectly also by the ring 
and parts of the caestus between the ring and hand, for the 
artificial parts are behind the thumb and help to drive it 
against the opponent. 
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When a blow is given by the back or side of the hand, the 
ring and parts of the caestus between the ring and hand 
protect (he back or side of the hand and relieve it of the 
need for coming into contact with the opponent; and the blow 
is directly given by the artificial parts and indirectly by the 
human parts. When, however, the thumb hits the opponent, 
the thumb saves the ring and parts of the caestus between 
the ring and hand from coming into contact with the oppon- 
ent. and the blow is directly given by human parts and 
indirectly by artificial parts. 

The four main knuckles of the bare fist are approximately 
in a line which is at right angles to the arm. The main 
knuckles when the hand holds a caestus are approximately 
in a straight line across the hand and at right angles to the 
arm, The planes of the flat surfaces of the bands of the ring 
are also parallel to the line of the knuckles and at right angles 
to the arm. If the part of the ring lying over the back of the 
hand was separated from the rest of the ring and was turned 
through a right angle so that the parts of the bands of the 
ring pointed in the directions of the fingers, the parts of the 
bands would lie along the finger joints and along the con- 
tinuations of the joints within the band. If the ring was 
composed of four bands, each part of a band would then lie 
along a finger joint and its continuation within the hand, one 
part of a band to each finger joint and its continuation. The 
ring is usually composed of three, four, or five bands. The 
bands surround the four main knuckles and joints and partly 
replace them. They do not partly replace the thumb knuckles 
or joints, for the thumb is outside the ring; but they help to 
deliver a blow given by the thumb as the main part of the 
fist helps to deliver a blow given by the thumb. Tf the ring 
is composed of three bands, the three bands with their linings, 
or parts of the caestus lying between the bands and the hand, 
partly replace the four main knuckles and joints, and each 
baud with its linings partly replaces more than one knuckle 
and joint. If the ring is composed of four bands, each band 
with its linings partly replaces one main knuckle and joint 
If the ring is composed of five bands, the five bands with 
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their liaings partly replace the four main knuckles anil 
joints. 

Most of the types of blows that can be given by the bare 
fist can also be given by the contrivance formed by the 
caestus and hand; for blows can be given by the middle 
knuckles of the contrivance, or by the middle joints, or by 
the thumb, or by the artificial main knuckles and joints and 
part of the hand near the main knuckles, or by the artificial 
side of the hand. Blows cannot be given by the top finger 
joints or finger nails of the bare fist, for they lie in the fist; 
blows cannot easily be given by the top joints or finger nails 
of the contrivance, but the top finger joints and the finger 
nails of the contrivance can come into contact with the 
opponent The contrivance, however, can best be used to 
deliver types of blows which correspond to those given by 
the main knuckles or maiu joints or back or side or flat of 
the fist. If blows are ^ven by the thumb or middle knuckles 
of the contrivance damage to the hand is more likely than 
when blows arc given by the thumb or middle knuckles of 
the bare fist, for the weight of the caestus as well as the 
weight of the hand is behind the blow when the contrivance 
is used. 

The part of the contrivance formed by the hand and the 
part of the caestus round the hand is held to the arm partly 
by human fastenings and partly by artificial fastenings. The 
hand itself is held to the arm partly by the skin, and partly 
by fastenings formed within the hand and extending to the 
arm. The finga: ends pressing on the lop of the ring are 
connected to the arm by fastenings formed by the fingers as 
far as the web of the hand and afterwards by continuations 
of those fastenings formed within the hand and wrist and 
forearm. The ring is held to the arm partly by the finger 
ends which press on top of the ring; and the fastenings 
holding it to the arm are therefore partly formed by the 
human fastenings which connect the fingsc ends to the arm 
The ring is also partly held to the arm by artificial fastenings 
formed by the straps or thongs codnecting it to the jparts of 
the glove round the wrist and foreaim. The human fastenings 
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connecting Die ends of Uic lingers to the arm and Ihe 
artificial fastenings comiecting the ring to the parts of the 
glove round the wrist and foreaim are complementary in 
their actions; for if the human fastenings are tightened, that 
is, if the finger ends press more firmly on the top of the ring, 
the tensions of the artificial fastenings, or the straps, are 
decreased; and if the human fastenings are slackened, the 
tensions of the artificial fastenings are increased. The ten- 
sions of the straps must be so adjusted that undue strain is 
not placed at any time on the human fastenings; and the 
tensions must also be so adjusted that the ring is not held at 
any time too tightly against the fork of the thumb. 

The ring is also partly held to the arm by the skin and 
glove. If the ring begins to move off the hand, the glove 
tightens and helps to prevent further movement off the hand. 
The skin and glove are in close contact and cannot easily 
move independently and therefore if the ring begins to move 
off the hand, the skin also tightens and heljs to prevent fur- 
ther movement off the hand. If no glove were used, severe 
strain would be placed on the skin as it tightened; but part 
of, the strain is taken by the glove and the^ove therefore 
partly relieves the skin of the work of tightening to prevent 
the ring slipping off the hand. One of the reasons for the 
provision of the ^ove is the need for relieving the strain on 
the skin when the ring begins to move off the hand. 

The artiffeial fastenings coimecting the caestus to the arm 
besides helping to hold the caestus to the arm help to hold 
the hand to the arm. If the ring begins to move off the hand 
towards the middle knuckles, it begins to pull the ^ove off 
the hand and the glove begins to pull the skin off the hand. 
Any considerable movement of the ring is prevented partly 
by the ti^tening of the glove and of the straps, and the glove 
and straps therefore help to prevent the hand being pulled 
away from the arm and partly relieve the human fastenings 
connecting the hand to the arm of this work. 

Much movement of the ring towards the wrist is partly 
prevented by the thick padding of the ^ove just belov^ ihe 
main knuckles. The fork of the thumb of the glove especially 
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is thickly padded to prevent movement of the ring against 
the fork and hurt to the fork. Movement i.s also partly 
prevented by friction between the ring and glove which 
causes the parts of tlie glove between the ring and middle 
knuckles to tighten if the ring begins to move up the hand. 
As the glove tightens the three calche.s formed by the tbrks 
of the glove come against the three catches formed by the 
forks of the fingens and further movement is prevented. The 
skin between the lop of the ting and the middle knuckles 
also tightens with the glove and helps to prevent ihc ring 
moving up the hand. The parts of the glove and of the .skin 
between the top of the ring and the middle knuckles tighten 
together and act as a single device to help to prevent move- 
ment of the ring up the hand. If no glove were u-sed, the 
skin would be subjected to much strain and might be injured 
in trying to prevent movement of the ring up the hand; but 
the ^ove relieves the strain on the skin, and partly rcplaa's 
the skin in the work of preventing movement of the ring up 
the hand. 

Movement of the ring towards the wrisi may also be partly 
prevented by the plaiting of the strap.s or thongs between the 
fingers. Some illustrations of the later Greek cacstus .seem 
to show that a strap passed over the top of the ring and 
between the forefinger and middle finger and anoUrer one 
over the top of the ring and between the third and little 
fingers. If the straps are so plaited, as the ring begins to 
move up the hand the straps passed between the fingers come 
against the wedges of the fingers and help to prevent further 
movement of the ring. Movement of the ring up the hand 
may also be partly prevented by the ring coming against the 
straps or diongs wound round the fork of the thumb and 
part of the hand between the ring and wrist. 

The contrivance bears some resemblances to the human fist 
and wrist and forearm. The lop joints and knuckles and 
middle joints and knuckles of the contrivance closely 
resemble those of the fist, but their positions ate modified, 
and they are placed farther from the wrist. The finger ends 
and the top joints of the fingers can be more clearly seen in 
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the eouUivaiicc than in the bare list in which they arc nearly 
hidden. The linger nails which arc invisible in the list are 
clearly visible in the contrivance. The top of tlic thumb of 
the contrivance is identical with the top of the thumb of the 
list; but the lower part of the thumb of the contrivance near 
the hand is different, the outer surface being formed by the 
glove and padding and straps. The position of the thumb 
of the contrivance is slightly modified compared with its 
position on the fist, the thumb being pushed slightly out- 
wards. The main knuckles and finger joints and pkrt of the 
hand immediately below the main knuckles are represented 
in the contrivance by the ring and parts of the caestus between 
the ring and hand, and the artificial parts differ considerably 
in sizes and shapes and weights and materials and structures 
from their human counterparts. The patt of the contriv- 
ance between the ring and the end of the glove at the forearm 
resembles corresponding parts of the fist and wrist and 
forearm; but its surface is formed by the artificial skin of 
tliC glove and not by the human skin. The fastenings which 
join the bare list to the arm, except for the parts formed by 
the skin, arc all within the hand; but the artificial parts of the 
fastenings joining the list of the contrivance to the arm, 
except for the parts formed by the glove, are outside the 
glove and arc visible. 

The form of the hand holding the caestus is very similar 
to the form of the hand which holds the earlier type of 
caestus, and can similarly be obtained by unclenching the 
fist until llic main joints and the palm form a flatfish surface. 
The main joints of the fingers when the hand holds the 
caestus turc approximately at right angles to the positions they 
occupy when the hand forms a fist. The middle joints are 
approximately at right angles to the fiatUsh surface formed 
by the main joints and palm, and are approximately at right 
angles to the positions they occupy when the hand forms a 
list. The main knuckles of the hand which in the bare fist 
are prominently formed and conspicuous are hot prominently 
formed and lie almost in the flattish surface formed by the 
back of the hand and the main joints, and are hidden by the 
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cacslus. The middle knuckles arc prominently formed and 
are visible. A strong flattish surface is formed by the palm 
and main joints: but the ring is wgidly made and Is not 
deformable and the form of its interior although determined 
by the form of the hattish surface made by the hand is not 
kept by the hand. The ring keeps its own form, and relieves 
the hand of the need for directly giving it its form and keep- 
ing it in form. The ring indeed helps to keep the form of 
the hand. The form of the glove and padding between the 
ring and hand, however, is partly given and kept directly by 
the hand, and the hand must still form a strong, hattish sur- 
face for this purpose. The form of the outer surface of the 
part of the glove which lies against the interior of the ring is 
given and kept directly by the ring, but indirectly by the 
hand which presses the padding and glove against the inside 
of the ring. The ring therefore partly replaces the hand in 
the work of farming a strong, flattish surface for the caestus. 

The contrivance formed by the hand and wrist and fore- 
arm and ring and glove and straps consists of two main 
pans. A human pan is formed by the band and wrist and 
forearm and an artiflcial or mechanical pail by the ring and 
glove and straps; and the human and artiflcial parts together 
form a fairly rigid contrivanos. The contrivance is not quite 
ripd, for the relative positions of its component parts vary 
slightly during a wielding movement and especially during 
the delivery of a blow; but return approximately to their 
original positions relatively to each other after the wielding 
movement or after the delivery of the blow. The bare flst 
similarly is a fairly rigid contrivance, but the relative posi- 
tions of its component parts vary slightly during a wielding 
movement and especially during the delivery of a blow; but 
return approximately to their original positions relatively to 
each other after the wielding movement or after the delivery 
of the blow. 

The human parts of the contrivance are composed of living 
organic materials. The mechanical parts are composed of 
lifeless organic materials; but may be partly composed of 
inorganic materials if metal clasps are used to hold together 
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the bands o£ the ring. The materials and structure of the 
materials of the glove arc very similar to the materials and 
structure of the mateuaL oi die skiu. The materials and 
structure of the materials of the padding, which may be 
composed oi wool oi hair or some other organic matenai, 
diiier considerably from the materials and structure of the 
materials of the padding of the skin which is formed by the 
flesh under the skin. If the straps or thongs are formed oi 
leather their materials and structure of thek materials closely 
resemble the materials and structure of the materials of the 
skiu. The materials and structure of the ring resemble the 
materials and structure of the materials of the skin of the 
main knuckles and johils and part oi the hand near the mam 
knuckles, but do not resemble the materials and structure 
of the bones of the knuckles or joints: but the properties 
wnich give the knuckles and joints their hardness and sharp- 
ness are partly obtained for the ring by making it as hard 
and sharp as possible. 

The heat of the hand is preserved by the glove whose heat 
conducUug properties are very similar to those of the skin. 
The pores of the glove resemble those of the skin, but do not 
easily allow ventilation for the hand, for many parts of the 
glove are not directly in contact with the skin because of the 
padding; and the pores of the glove are partly useless because 
of being deformed and partly destroyed during manufacture 
of the glove. Ventilation is mainly effected by air and 
moisture escaping and air being drawn in between the ends 
of the fingers of the glove and fingers and through the open 
part of the palm of the ^ove. 

The parts of the caeslus are not all placed in the same 
relative positions to each other as corresponding parts of the 
fist. The ring and straps are not placed in the same positions 
relatively to the glove as their corresponding human parts 
are placed relatively to the skin. The main knuckles and 
joints and parts of the hand to which the ring corresponds 
are inside the skin; but the ring is outside the glove. The 
fastenings which connect the finger ends to the arm are inside 
the skin; but the straps or thongs are outside the glove. The 
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pudding Iwwcvcr which corresponds to tlic llesh and other 
soh parts of the huad is inside the glove us the hiiniun llesh 
is inside the skin. 

The later Greek caestus docs not form a complete wciipoii 
by itself. It cmniot bo formed except with the hand, and the 
hand must give it its shape, and keep it in shape during the 
wielding raovements and during the delivery of a blow. It 
possesses no life of its own, and its parts cannot act against 
the opponent unless moved by the corresponding parts of the 
hand. Each part of the caestus is complementary^ to sonic 
part of the hand formed to hold the caestus; and the hand 
and caestus together form the complete weapon which is 
immediately wielded by the forearm. 

Certain advantages arc gained by the use of (he later Gicck 
caestus. A harder and heavier and sharpei blow can be 
given than can be given by the earlier type of caestus or by 
the bare fist. But the advantages are accompanied by disad- 
vantages. The later caestus is a much more elaborate 
contrivance than the earlier one, and requires much more 
lime to make. Its materials ate more dillicuU to obtain. 
More time is needed to tit it to the hand. It caimot Ixs so 
quickly or easily wielded, for it is heavier and more cumber- 
some. The movements of Uro body and feel are slowed 
down, and the opponent can more easily see (he prepaialions 
for a coming blow and avoid the blow. Greater strain is 
placed upon the wrist, for the ring is heavier than the ring 
of the caestus formed from a (hong. The wrist is more llrmly 
supported but cannot be fully supported because of the 
danger of constriction, and the wrist of Ihc contrivance 
consisting of the human wrist and the parts of the glove and 
straps round the wrist cannot easily be so firmly set as when 
a soft thong forms the caestus or when the bare fist is used. 

When a spherical stone is being wielded llie fist is partly 
replaced by the stone. The wrist is not supported by artifi- 
cial appliances, and all the fastenings joining the fist of tlie 
contrivance to the wrist and forearm arc within the hand and 
wrist and forearm, and are human. Much strain is placed 
on the wrist, and therefore the fitting of a stone is not a very 
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fiutisfaclory method of partly replacing tlie list. When the 
early type of caostus is used, to heip to relieve the strain on 
the wrist and forearm, the wrist and forearm arc supported 
by parts of the thong. In order therefore to replace parts of 
the list by means of a thong it becomes necessary also partly 
to replace parts of the wrist and forearm which wield the 
fist of the contrivance. When the later caestus is used more 
stra •! is placed on the wrist because the ring is heavier than 
the parts of the thong wound round the hand, and it becomes 
necessary to replace more of the parts of the wrist and fore- 
arm. The more fully the fist is replaced therefore the more 
necessary it becomes to replace more of the parts of the body 
which wield the fist. 


5 
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.FURTHER OBSERVATIONS ON THE GREEK 
CAESTUS 

T he ancient Greeks when producing the cacstus or 
trying to improve it were probably unconscious that 
they were trying to replace parts of the fist or to 
replace parts more effectively; but it is dear that the earlier 
and later types' of caestus were produced through attempts to 
replace parts of the fist by mechanical contrivances. A 
process of trial and error showed the materials that can be 
used, and the sizes and shapes and weights the different types 
can be made, and the ways in which the different types can 
be used. 

Each part of a caestun resembles some part of the fist or 
wrist and forearm wielding the fist. 

Most of the parts of the later caestus reproduce parts of 
the fist or wrist and forearm wielding the fist more clearly 
and less crudely than corresponding parts of the earlier 
caestus reproduce them. The main knuckles and joints and 
the part of the hand near the main knuckles are not very 
clearly reproduced by the main part of the earlier caestus, 
but it necessarily bears some resemblances to these parts 
because it surrounds them and takes their shapes. No 
attempt is made to reproduce the skin separatdy or the 
padding separately or the hard parts of the knuckles and 
joints separately or the fingers separately. An attempt is 
made in the lat« caestus to reproduce the skin and the pad* 
ding and the hard parts of the knuckles and joints and the 
fingers separately. The skin of the main knucHes and joints 
and the part of the hand near the main knuckles is repro* 
duced by means of the part of the gjove between the ring 
and the hand, and the padding formed by the flesh is 
reproduced crudely by means of the padding of the glove. 
The hard parts of the knuckles and joints are reproduced 
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although very crudely and imperfectly by means of the ring, 
and the ring when made of several bands represents an 
attempt to reproduce the fingers separately. The human 
fastenings connecting the finger ends to the arm are crudely 
reproduced in the earlier caestus by means of the parts of 
the thong round the wrist and forearm, and in the late 
caestus less crudely but still very clumsily and imperfectly 
by means of the straps or thongs connecting the ring to the 
parts of the glove round the wrist and forearm. Neither the 
earlier nor the later caestus shows any attempt to reproduce 
the middle or top joints and knuckles of the fist or the top 
joints and knuckles of the thumb; but in the later caestus the 
lower part of the thumb is partly reproduced by the parts of 
the glove and straps round the lower part of the thumb. No 
attempt is made in the earlier or later caestus to reproduce 
the rigid parts of the forearm which help to wield tlic fist, 
for neither caestus possesses a handle of any sort, as a club 
possesses a handle, but is widded immediately by the fore- 
arm. The parts of the later caestus, as might be expected, 
since it is a more developed and later form of the caestus, 
reproduce human parts less crudely and more faithfully than 
parts of the earlier caestus reproduce them; but the problems 
of replacing the fist are only imperfectly solved by means 
of the later caestus and therefore no very close correspond- 
ence of parts of the later caestus to human parts can be 
seen. 

The parts or devices of a caestus occupy plcKes close to 
the human parts to which they correspond. 

The main part of the earlier caestus corresponds to the 
main knuckles and joints and part of the hand near the main 
knuckles, and surrounds these parts. The ring of the later 
caestus and parts of the caestus between the rmg and the 
hand also correspond to the same human parts, and similarly 
surround them. The parts of the thong connecting the 
earlier caestus to the wrist and forearm or the straps con- 
necting the ting to the parts of the ^ove round the wrist and 
forearm correspond to the human fastenings which hold the 
fist lo the arm, formed by the fingers and thmr oonnectirpis 
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vvLUiiti the liiuicl itiid wrist and forearm, and follow .somewhat 
the directions of the human fastenings and approximately lie 
along them. The glove of the later tacstus, which corre- 
sponds to the skin, lies over the surface of the skin; and each 
part of the glove corresponds to the part of the .skin over 
which it lies. Each finger or the thumb of the glove 
corresponds to part of the skin of a finger or thumb and lies 
over the part of the skin of the finger or the thumb to which 
it corresponds. Each crease in the glove conresponds to the 
crease in the skin immediately under the crease of the glove. 
Since the cacstiis docs not very successfully replace parts of 
the list and wrist and forearm wielding the fist, its parts do 
not always occupy places quite close to their corresponding 
human parts. The fastenings joining tlic main pait of the 
early cacstus or the ring of the later cacstus to the arm, for 
example, do not follow the human fastenings very closely, 
but some correspondence of the positions of the artificial 
fastenings and human fastenings can be scon. 

Each pari of a cacstus is related hi size and shape In the 
size and shape of its hunuin counterpart. 

The glove of the later cacstus is made as nearly us possible 
to the size and shape of the skin of the hand and wrist and 
forearm over which it lies. It cannot be made of the same 
size and shape because it must lie over the skin, and room 
must be allowed for the padding. It must not be made 
larger than is necessary to allow room for Uic hand and 
padding or it will not tit properly. The lengths of the parks 
of the thong wound round the wrist and forearm or the 
lengths of the straps wound round the wrist and forearm of 
the glove arc determined by Uie size and shape of the wrist 
and forearm of the wieldcr; and the parts of the llioug or 
the straps must be of lengths which allow the parts of tlie 
thong or the straps to work m co-operation with the human 
fastenings holding the ends of the fingers to llie arm. Sirai* 
larly, other parts of a caestds can be scon to be directly or 
indirectly related in sizes and shapes to the sizes and shapes 
of their human couhlerparts. 
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Each part of a caestax partly replaces its corresponding 
human part or parts. 

The ring of the (larly caeslus partly replaces the main 
knuckles and main joints and part of the hand near the main 
knuckles, for the human parts are not required to come into 
contact with the opponent and hit the opponent directly, and 
the work of hitting the opponent is directly carried out by 
tlie ring. The ring docs not fully replace its corre.sponding 
lumian parts, because the human parts are still needed to 
drive th'fc ring against the opponent, and to form comple- 
mentary parts of the ring. Similarly, the ring of the latcr 
caestus and the parts of the caestus between the ring and 
the hand partly replace the main knuckles and main finger 
joints and part of the hand near the main knuckles. The 
fastenings holding the ring of the earlier caestus or the ring 
of the later caestus to the arm partly replace the fastenings 
formed by the finger ends and their connections to the arm 
in the work of holding the caestus to the arm, for they partly 
iolea.se the finger ends from the need for holding the caestus 
to the arm. They do not fully replace the human fastenings, 
for the finger ends are still needed to help to hold the caestus 
in place. The glove partly replaces the skin in the work of 
helping to hold the ring to the arm, for it tightens if the ring 
begins to move off the hand; but it does not fully release the 
skin from the need for tightening, and therefore does not 
fully replace the skin in its work of helping to prevent the 
ring slipping off the hand. The padding in the fork of the 
thumb of the glove partly replaces the flesh of the fork of 
the thumb in preventing the ring moving up the hand towards 
the wrist; but the flesh of the fork of the thumb must still 
be placed behind the padding, and the padding therefore 
only partly replaces the flesh of the fork of the thumb in the 
work of preventing the ring moving up the hand. 

The work of each pari of a caestus 'is complementary to 
the work of its human counterpart. 

A blow given by the main knuckles of the contrivance 
formed by the early caestus and the hand is given by the part 
of the caestus lying over the main knuckles and the main 
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knuckles working together. The part of the caestus lying 
over the main knuckles comes into contact witli the opponent 
and directly delivers the blow; but the main knuckles drive 
the part of the caestus lying over thent against the opponent 
and indirectly deliver the blow, and the work of the part of 
the caestus is complementary to the work of the main 
knuckles. Similarly, when a blow is given by the main 
knuckles of the contrivance formed by the later caestus and 
the hand, the work of the part of the ring at the back of die 
hand and its linings is complementary to the work of the 
main knuckles. 

The parts of the thong of the early caestus which are 
wound round the wrist and forearm act as complementary 
parts of the fastenings formed by the skin and of the fasten- 
ings formed by the fingers and their connections within the 
hand and wrist and forearm. The parts of the thong must 
help to hold the main part of the caestus to the arm in 
co-operation with the fastenings which connect the finger 
ends to the arm. They must help to hold it to the hand in 
co-operation with the skin. When the caestus begins to move 
off the hand, the skin tightens and the thongs tighten, and 
the skin and thongs work together to help to prevent the 
caestus moving off the hand. They must help to hold the 
hand to the arm m co-operalion with the fastenings which 
connect the finger ends to the arm. When the caestus begins 
to move off the hand, it presses against the finger ends and 
tends to pull the hand away from the arm; but the thongs 
tighten and the finger ends press more firmly on the caestus, 
and the thongs and fastenings holding the finger ends to the 
arm help to prevent the hand being pulled away from the 
arm. They must help to hold the hand to the arm in 
co-operation with the skin. When the caestus begins to move 
off the hand, it drags the skin with it; but the skin tightens 
and the thongs listen also, and the skin and thongs together 
help to hold the hand to the arm. 

The work of the padding of a caestus is complementary 
to the work of the padding formed by the flesh. The force 
of a blow is softened for the hand partly by the padding and 
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partly by Uic flesh. When a blow is given by any part of 
the early caestus, tlie padding of the part of the caestus 
which delivers the blow and the flesh under the part of the 
caestus which delivers the blow act as a single device to 
soften the blow for the hand. Similarly, when a blow is 
given by the ring of the later caestus the padding of the part 
of the glove under the part of the ring which delivers the 
blow and the flesh of the hand under the padding act to- 
gether as a single device to soften the blow for the hand. 
The padding of the glove at the fork of the thumb and the 
padding formed by the flesh of the fork of the thumb act 
together as a single device to keep the ring from moving too 
far down into the flesh and to prevent the ring hurting the 
thumb. The padding of the glove under the ring and the 
flesh of the hand under the ring act together as a single 
device to allow the ring to form a bed or groove in which to 
lie and to prevent the ring hurting the hand. The padding 
of the glove and the flesh, under the glove at the wrist and 
forearm together allow the straps to form grooves in which 
to lie and to prevent hurt to the bones and other parts of the 
wrist and forearm. The inner surface of the ring of the early 
caestus forms a kind of artificial skin and acts with the parts 
of the skin with which it is in contact to help to prevent the 
caestus moving up or down the hand. If the caestus begins 
to move up or down the hand, friction comes into play 
'between the skin and the inner surface of the caestus to help 
to prevent movement of the caestus up or down the hand. 
Each, part of the gjove of the later caestus and the part of the 
skin over which it lies work together. The part of the glove 
between the ring and the wrist and the skin over which it 
lies ti^ten togethra: to help to hold the ring to the hand and 
the hand to the arm. The part of the ^ove between the ring 
and the three forks of the fingers of the glove and the skin 
over which it lies ti^ten together to help to prevent the ring 
moving up the hand towards the wrist. The three forks of 
the glove and the skin of the three forks of the fingers act 
together to help to prevent the ring moving up the hand 
towards the wrist. The fork of the thumb of the glove and 
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the skin of the fork of the thumb together help to keep the 
ring from moving too far down into the fork of the thumb. 

Thf filtin}> of it ciifsttis causes minlijtciuiom in the form of 
the fist. 

The form of the hand is much the same when holding 
either the earlier or later Greek caestus. The mam parts of 
the caestus are placed round the main part of the hand; anti 
the finger ends do not rest on the palm a.s Ihey do when the 
hand forms a fist, but are displaced by the main parts t>f tlie 
caestus which occupy the hollow of the hand l>elwcen the 
ends of the fingers and the palm, and the finger ends rest on 
top of the caestus. The main joints form a flattish surface 
with the palm, instead of being approx.imuteIy at right anglc>. 
to the palm as in the fist; and arc in positions approximately 
at right angles compared with their positions in the fist. The 
main joints are still parallel to each other; and the middle 
joints to each other; and the top joints to each other. The 
main knuckles are not prominently formed and lie ulmo,sl in 
the flat surface formed by the back of the hand and the main 
joints. The middle knuckle.s are not quite as sharply formed 
as in die fist but arc prominently formed. The lop knuckles 
are not quite as prominently formed as in the fist, but can 
be more dearly seen. The finger nails which arc not visible 
in the fist can be clearly seen when either the earlier or later 
caestus is held. The position of the thumb is only slightly 
modified when the thumb is not covered by the thong of the 
earlier caestus. Its position is modified when the later 
caestus is held because the lower part near the hand i.s 
covered by padding and the glove and straps. The form of 
the skin and the positions of the fastenings within the hand 
and wrist and forearm are slightly modified because of the 
pressure of the thongs or glove and straps. 

Advantages for certain purposes are gained by partly 
replacing the fist by a caestus. 

The use of a caestus allows a heavier and harder blow to 
be delivered than can be delivered by the bare fist. A‘ blow 
given by the ring of an early caestus and its human counter- 
parts is heavier and harder than one given by the human 
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parts alone; and a blow given by the ring of the later caesUis 
and its linings and their human counterparts is heavier and 
harder and sharper than one given by the human parts alone, 
or by (he ring of the earlier caeslus and its human counter- 
parts, The increased powers given by use of a caestus are. 
however, accompanied by disadvantages. The caestus and 
hand together arc heavier and more cumbersome and diflieiik 
to wield than the bare fist, and the movements of the wielder 
arc .slower than tho.se of the wielder of a fist. The advan- 
tage,s may outweigh the disadvantages for certain purpose.s. 
If it is required to give a heavy blow and there is lime to 
make the caestus and fit it to the hand, the hand and caeslus 
may be more effective than the bare fi.st: but if a blow must 
be given quickly, the bare fist may be more effective. It 
cannot be shown that an advantage can be gained that is not 
accompanied by a disadvantage, 

A complete weapon is formed hy the hand and the 
caestus. 

A caestus by itself does not form a weapon. It cannot be 
formed except with the hand. Without the hand it mPst 
remain a thong or a collection of articles consisting of a glove 
and a ring and straps. The hand must give it its shape, and 
keep it in shape while it is being wielded and while a blow is 
being delivered. By itself a caestus is incapable of any 
actions, and until titled to the hand and moved by the hand 
must remain inanimate and formless and shapeless. A caestus 
is moved by the hand; and each part of it is moved against 
the opponent by its human, counterpart, and each part is made 
to carry out movements very similar to those carried out by 
its human counterpart. The size and form and shape and 
materials and structure of the materials of any part of a 
caestus cannot be understood if studied without reference to 
the size and form and shape and materials and structure of 
the materials of its human counterpart. The relationships 
between the earlier and later caestus cannot be known miless 
each is studied with reference to the hand, for the comple- 
mentary parts of each are formed by the hand. Each part 
of the complete weapon formed by the hand and a caestus 
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is correlated to all the other parts of the weapon; for all parts 
act in concert, and any alteration in tlie form of a human or 
mechanical pait of a weapon demands and compels altera- 
tions in the forms and shapes and actions of all the other 
parts. The weapon is also correlated to the machinery of 
the body which wields the weapon, and all parts of the 
weapon and of the wielding machinery act together and any 
alteration in the form of any part of the weapon affects all 
the movements of the body. 
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ROMAN TYPES OF THE CAESTUS 

A TYPE of caestus made by the Romans has a metal bai 
fastened to the back of the hand. Figure 2. The bar 
“hes over the main jomts and knuckles of the fingers 
and part.of the hand near the main knuckles. It is fairly flat 
on its outer surface; but is curved over the little finger and 
thumb. It IS fastened to a glove 
which covers the wrist and part of 
the forearm. The bar appears to be 
made of three pieces crossing the 
hand at right angles to the finger 
joints and apparently has two 
connecting pieces lying in the 
directions of the finger joints. The 
thumb is covered; but the ends of 
the fingers are uncovered and free. 
The bar is connected to the wrist and forearm by means of 
the glove and straps or thongs. 

The size and shape of the metal bar are determined by 
the size and shape of the hand. It is an advantage to have 
as large a bat as possible; but the ends of the bar must not 
project much over the sides of the little finger and the fore- 
finger and thumb, because if they project to any appreciable 
extent and the opponent is tut by an end. the leverage will 
be likely to tear the bar from the glove and the fastenings. 
The greatest length for the bar is obtained by curving one 
end well over the forefinger and thumb and the other end 
over the little finger. Curving an end partly prevents leverage 
talcing effect and enables the end to be supported when a 
blow is given by the end. The front edge of the bar must 
reach to the middle knuckles: but must not project beyond, 
K it does not reach to the middle knuckles, the blow will be 

* British Museum Handbook, A Guide to Greek and Rtnnan Life. 
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given, by the middle knuckles instead of by the front edge of 
the bar, and the momentum of lire bar will tend to carry the 
bar on to the opponent and pull the glove forward or tear 
the bar from its fastenings. If the bar extends beyond lire 
middle knuckles, the hand will continue to travel on aftei 
the front edge of the bar has hit the opponent, and the wiist 
may be sprained or the bar may be torn from its fastenings 
If the bar just reaches to the knuckles, the bar and the 
knuckles are more likely to be stopped together, and less 
strain will be placed on the fastenings. The bar 'must not 
extend down the back of the hand much beyond the main 
knuckles; because if a blow is given by the part of the bur 
nearest the wrist, the momentum of the front of the bar will 
be unchecked and the fingers may be bent backwards and be 
strained. The thickness of the bar is determined partly by 
the need for preventing too much leverage to force the hand 
backwards if the opponent i.s hit by a front edge. The bar 
is placed on padding over the main joints and the padding 
raises the bar slightly, and the need for pudding rediit'c.s ihe 
height to which the bar can be made above the iiaml. 

The btir is approximately half of a complete ring that 
might be placed round the hand. The ends of the bar are 
curved as if to enter the hand; but the half that would lie 
within the hand is missing. The placing of a niclal bar on 
the outside of the hand partly .solves the problent of replacing 
the fist by means of metal. As the half of the bar that would 
lie in the hand is missing, danger of sandwiching is prevented 
as long as the bar and not the part of the hand opposUc the 
bar is used. 

The types of blows that can best be given by the contviv- 
ance are those given by the back of the bar and by its front 
edge. These types correspond approximately to those that 
can be given by the main knuckles and finger joints and by 
the middle knuckles of the bare fist 

The bar lies over the main knuckles aitd finger joints, 
protects them, and releases them from the need for coming 
into contact with the opponent and directly delivering the 
blow. It partly replaces the main knuckles and finger joints; 
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but ilofs lUH fully rcpliico them because they must drive the 
bar against the opponent. The bar also lies over the middle 
knuckles, partly protects them, and partly releases them from 
the need for directly delivering the blow. 'I’he bar therefore 
also partly replaces the middle knuckles. 

'riic bar is heavy and the wrist must be strongly sup- 
ported; and the glove at the wrist is well bound with straps 
so that the wrist of the arutrivaiicc can be lirnily set especi- 
ally at the moment of delivering the blow. 

The cviitrivaucc bears some resemblances to a list and 
wrist and part of a forearm. The middle knuckles and joints 
are similar to those of the fist, but their positions are 
modilied. The end joints which in the list arc hidden are 
visible in the contrivance. The form of the thumb is modilied, 
for it is covered by the glove. The wrist and part of the 
forearm bear some resemblances in form to the human wrist 
and forearm. The artificial fastenings connecting the fist of 
the contrivance to the arm arc formed by the glove and slrap.s 
or thongs, and ilic straps or thongs arc outside the glove. 
The main knuckles and finger joints and part of the back of 
the hand of the contrivance are formed by the metal bar and 
its lutings. The contrivance consists of two main parts. A 
human part is formed by the hand, and a mechanical part 
by the caeslus. The cacslus is composed partly of organic 
and i>arlly of inorganic materials. The bar is made of in- 
organic materials, and in materials and structure of materials 
docs not bear close roscmblattco to its human counterparts. 

The form of the hand is similar to its form when holding 
the later Greek caestus. The main joints form a flattish 
surface with the palm, aud the two top joints are bent to keep 
the liattish surface imn. 

The fastenings joining the glove to the hand and wrist aud 
forearm are formed in much the same way as when the later 
Greek caestus is held, and are partly human and parfiy 
artificial. The fastenings Joining the bar and straps to the 
glove arc formed in much the same way as when the later 
Greek caestus is held, aitd are artificial- The glove fits the 
hand, aud the bar aud straps fit the glove, aud a single 
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couliivaiicc 15) formed from the hand and glove and bar and 
straps. 

Another type of Roman caeslus completely encloses the 
hand and forearm and sometimes the upper arm as far as the 
shoulder. Pieces of lead or iron are sewn into the cacstus; 
but the positions of the pieces and the ways in which they 
are sewn into the caestus are not known. The hand appears 
to be encased in a hard ball or cylmder, and requires to be 
supported by a padded sleeve strapped to the wrist qnd fore- 
arm and upper arm. 

The fastenings which hold the hand and arm and the glove 
and sleeve together are formed partly by the hand and arm 
and pardy by the caestus. The fastenings which hold the 
glove and sleeve and the straps together are formed partly 
by the glove and sleeve and partly by the straps. The glove 
and sleeve ht the hand and arm, and the straps ht the glove 
and sleeve, and a single contrivance is formed by the hand 
and arm and glove and sleeve and straps. The part of the 
contrivance as far as the elbow is fairly rigid, and the various 
parts cannot be separately manipulated or have independent 
movements; but the lower arm and hst of the contrivance 
can move relatively to the upper arm. Some small variations 
of positions of parts of the lower arm and fist of the contriv- 
ance relatively to each other take place during a wielding 
movement and during the delivery of a blow, but the parts 
return to the positions they occupied originally relatively to 
each other. 

The fastenings which hold the fist of the contrivance to 
the atm are formed partly by the hand and arm and partly 
by the caestus. Although the ways in which the human 
fastenings are formed cannot be seen, probably they arc 
formed in much the same ways as for the other types of 
contrivances whidi have been studied. The artificial fasten- 
ings are alsn formed in much the same ways; but ate df much 
^ealef l^ngl^ and extend much farther up the arm. They 
ett|end^'mudh.fartliea; tip the arm because the greater weight 
'afilihe of the contrhtance requires that more support shall 
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bo given 10 the wrist, and forearm and that some support shall 
bo given even to tlic upper arm. They are formed partly by 
the sleeve and partly by the straps. The sleeve forms a kind 
of artiticial skin, and acts in much the same way as the skin 
acts in helping to hold the fist to the arm. The sleeve partly 
releases the skin from the work of helping to hold the fist of 
the contrivance to the arm. The straps similarly partly 
relieve the human fastenings within the arm of the need for 
helping to hold the fist of the contrivance to the arm. 

Some pf the flexible parts of the forearm and upper arm 
which wield the fiat of the contrivance are partly reproduced 
artificially by means of the sleeve and padding and straps; 
but none of the rigid parts of the forearm and upper arm 
which wield the fist are reproduced artificially by the caestus. 
The caestus has no handle like the handle of a club; and the 
handle which wields the caestus is formed by the bones of 
the forearm and upper arm and lies wrihm the skrn and 
sleeve, and does not extend beyond the hand as the handle 
of a club extends beyond the hand. The fist of the contriv- 
ance is immediately wielded by the forearm and upper arm; 
and the flexible parts of the forearm and upper arm, which 
arc partly reproduced by the sleeve and straps, lie along the 
forearm and upper arm, and surround the rigid parts of the 
wielding handle formed by (he bones of the forearm and 
upper arm within the skin. 

The contrivance beats some resemblances to a fist and 
forearm and upper arm; but the separate knuckles, joints, 
nails, and the thumb, and other details of the fist, ace not 
seen in the contrivance. The Skin of the fist and arm is 
reproduced crudely by the sleeve. The artificial parts of the 
fastenings holding the artificial skin to the wrist and arm, 
and the artificial parts of the fastenings holding (he fist of 
the contrivance to the arm, are not within the artificial skm 
as the human fastenings holding the skin to the hand and the 
fist to the arm are within the *fem, but are outside the artificial 
skin and are visible. The padding and the metal parts ate 
within the artificial skin and are inAdsible.- 

By ipeans Osf t|ie ,gontrivanoe a very heavy ,blow cah t>e 
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delivered, but the advautage of bcun> able to dclivet a veiy 
heavy blow i.s accompanied by diiiadvanlagc.s. Tlic contriv* 
aiico is oumhcrsoine and heavy and cannot be niiickly oi 
easily moved. A firmly set wrist cannot easily be obtained. 
Constriction of the wrist and arm is difficult to avoid. Support 
must be given not only to the wrist and lower forearm but 
to the whole forearm and sometimes even to the upper arm. 
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THE BRACCIALE 

I N his treatise on the game of pallone. Dr. A. L. Fisher 
gives an illustration from a book of 1555 k.t>. of two 
young Romans playmg with the follis, which as a ball 
something like a modem football. Tbe right forearm of each 
player has “ a leather strap, or other material, bound round 
it like a caestus.” In the illustration, the strap seems to be 
over a wrist gauntlet: and the contrivance somewhat 
resembles the Greek caestus made from thongs wound 
lound a glove, but without the haid leather rings or bands. 
The ball is being struck with the wrist of the contriv- 
ance. 

Strutt says the follis of the Romans was beaten backwards 
and forwards by the players with the fist. In the time of 
Comenius, 1592-1670. the balloon-ball which resembled the 
follis was hit by players who had a round hollow bracer of 
wood to cover the hand and lower part of the arm. This game 
seems to have resembled the modern Italian game of pallone, 
and the bracer the bracciale or wooden gauntlet used in the 
game. This game with its apparatus has been described by 
Dr. A. L. Fisher/ who has given numerous illustrations of 
the apparatus, some of which are shown in Figures 3, 4. Ex- 
tracts from his description of the bracciale follow : — 

"... The bracciale, in English bracelet or gauntlet, 
is a hollow wooden cylinder, nine inches long and eight 
inches in diameter, with which the ball is struck m the 
game of Pallone. This instrument is held in the right hand 
by mtroducmg the hand mto the smaller end, as into a lady’s 
muff, and seizing firmly at the further extremity a round 

I A. L Fisher, M.D., The Game of Pallone. 
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piece of wood one inch and a half in diameter, which passes 
obliquely acioss from one side of the hollow cylinder to the 
other. This cylinder is composed of a heavy inner body or 
frame, and of an outer coveiing of pyramidal points stretching 
outward from the axis of the instrument, like the spokes 



Ra. 3. 

(i) Bracciale oa hand 

(ii) Inner body oi fiame of biaccj4de divested of Its outei 
covering of pomls 

(uO One of the points 

(iv) Scanno, oi wooden club used foimeily instead of the 
bracciale A. L. Fisher, MD., The Game oi Palloite, 

from the nave of a wheel. The inner frame is always cut out 
of a solid piece of walnut-tree, and the points are made of 
pear-tree or other wood of close grain, which is not likely to 
be easily broken ... the innesr body or frame of the bracciale 
divested of its outer covering of points ... is of two distinct 
diameters — the smaller one of five inches, which covers the 
wiist, and the wider one of six inches, which is carved out, 
so as to allow the hand to grasp the caross-handle. The points 
are all separate, and each made of a piece of wood of three 
inches long, ohe inch of whidi is turned perfectly round, and 
half an inch in diameter, and the remainmg two inches are 
curved into a flat pyramidal point, terminating in ^ extrem- 
ity of a quarter of aA inch square . , . All over thq outside of 
^tbe inn% frame holes ate disposed in ciriiles, Whidli are 
•d^ed f$or tl^e ]f)wpose,Qf fec^ving the tbund qnds Oi^ the 
"Wiien all tljssb insetted, the bfcei^e is 



THE BRACCIALE 


83 


umforinly increased to ejght inches in diameter; for though 
the inner body is o£ two diitereat diameters, as the points for 
the wider part are made one inch shorter than those for the 
narrow one. this disparity is thus counteracted . . 

“ The object of these spikes appears to be, to enable the 
player, by giving a slanting direction to his stroke, to impart 
to the ball a rotatory motion, simil ar to what is produced 
when a cut is given to the ball by the racket in the game of 
tennis ...” 


The weapon or implement consists of two mam parts, a 
human part being formed by the fist and wrist and forearm, 
and an artificial or mechamcal part by the bracciale. 
To tit the bracciale to its human counterparts, the hand 
and forearm ate mserted through the open end of the spiked 
cylmder, and the hand then grasps the bat at the forward 
end, the fingers being clenched round the bar. The bracciale 
is somewhat like a motor car or motor-bicyde piston, with 

the bar correspondmg to 
the gudgeon pm, the 
hand and arm corre- 
spondmg to the crank. 
The human part of the 
fist does not protrude 
from the wooden cylin- 
der; and the fist of the 



Pia, 4. implement is formed 

BRACXaALE MADE OF ONE partly by the neatly 
PIECE OF WOOD ^ 

X*. M D. denched fist of the 

wielder and partly by the part of the braedale which lies 
around his fist. The wrist similarly is formed by the 
wielder’s wrist and the part of the bracciale around it. 
Similarly, the forearm is formed partly by the wielder’s fore- 
arm and pattiy by the wood of the cyhnder of the bracciale. 

The skin of a glove provides the skin of the hand Md arm 
of its widder with an artificial dr mechanical extension 
corresponds to it. The wooden cybhder of the braewde 
occupies mbeh the Same position as a glove; btit does not he 
ad dosdiy PVd! the human skin. Also* it does not reproduce. 
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the human skin with any fidelity. It is perhaps an artificial 
extension for tlie skm; but probably also provides an ailificial 
extension for tire rigid and hard parts of the aim as well. 
Clearly, since no parts of the braociale are soft or flexible, 
the soft and flexible human parts are not given mechanical 
extensions by means of the braccialo. The bar fills the 
hollow or barrel of the hand. 

The bracciale has 93 wooden spikes projecting at right 
angles to its surface. They are arranged in eight rmgs 
round the cyhnder, but the number in the rings varies, those 
in the first two rings for example having fewer spikes than 
those in the other rmgs. Each ring of spikes has the appear- 
ance of the cogs on say the chain sprocket of the back wheel 
of a bicycle; and the bracciale itself might easily be mis- 
taken for some kind of gearing with numbers of toothed 
wheels. 

Each of the spikes is at right angles to the axis of the 
cylinder. Some of the joints of the fingers of the hand 
clenched within the bracciale appear to be parallel and others 
to be in a plane at right angles to the axis, approximately, 
the second joints being in a plane at right angles to the axis, 
and the first and third joints in planes parallel, approxi- 
mately, to the axis- It seems Uic cogs or spikes arc 
mechanical extensions of the devices formed by the finger 
joints and meidianical counterparts of them. 
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THE MODERN BOXING GLOVE 

T he modern boxing glove is a form of the ancient 
caestus. It is not a weapon by itself, but forms a 
weapon together with the hand. The weapon consists 
of two mam parts. A human or natural part is formed by 
the hand, and an artidcial or mechanical part is formed by 
the glove. The two parts are complementary. The hand 
forms most of the inner parts of the weapon, and the glove 
most of the outer parts. The glove is kept clenched by the 
hand; and the hand is helped to remain partly clenched by 
the glove. The surface of the hand and lie internal surface 
of the glove correspond fairly closely in shapes The 
correspondence of any internal part of the ^ove to the sur- 
face of the hand over which it lies is momentarily increased 
when the external part opposite the internal part hits the 
opponent, for the internal part is then pressed hard against 
the hand, and the hand and glove at that place momentarily 
take each other’s shape mote faithfully. For example, if the 
part of the glove over the main knuclde of the forefinger hits 
the opponent, the interior of the glove opposite the main 
knuckle of the forefinger takes the shape of the knuckle very 
closely while the blow is being delivered, because the part of 
the glove over the knuckle is pressed hard against the 
knuckle. The hand and ^ove move together in all move- 
ments; and each part of the hand and its corresponding 
artificial part formed by a part of the ^ove move together 
in all movements; and the glove and hand cannot have 
independent movements. The hand and glove form a fairly 
rigid contrivance; but the parts of the contrivance may move 
slightly relatively to each other daring the wielding move- 
ments. 

The fastenings which hold the glove and hand together are 
fofiped partly by the hand and partly by the ^ove^ The 
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glove smrounds the hand and Angers, and the lliumb of iho 
glove surrounds the thumb, and the glove can therefore 
remain easily on the hand The hand is larger than the 
wrist, and when the glove is tied at the wrist the part of the 
hand near the wrist and the wrist togethei foim a device to 
prevent the glove being pulled off the hand The fork of 
the thumb provides a catch to prevent the glove moving up 
the hand; and the middle knuckles of the fingers press against 
the inside of the glove and help to prevent the glove moving 
up the hand Both the glove and the flesh of the hand are 
deformable, and pressure between the ^ove and hand helps 
to produce a f aiily close fit of glove and hand. 

The creases on the palm and insides of the fingers and 
thumb are reproduced on the smfaces of the palm and inside 
of the thumb of the ^ovo, especially after the glove has been 
used for some time. The creases on the outsides of the 
hand and fingers are not reproduced on the outside of the 
glove because the parts of the glove lying over the outsides 
of the hand and fingers do not lie directly on the hand and 
flngeis but over the padding between the hand and fingers 
and the glove. The creases on the outside of the thumb 
similarly are not reproduced on the glove because of the 
padding between the outside of the thumb and the glove. 
The grooves between the fingers may be faintly reproduced 
momentarily when a blow is given, for the glove may be 
pressed hard against the fingers and the form of the l^er 
joints may be faintly reproduced on the skin of the glove, 
Similarly, the forms of the knuckles may be faintly repro' 
duced momentarily on the outside surfaqe of the ^ove when 
a blow is given. They may also be family reproduced if the 
hand is firmly clenched, and the ^ove is tightly stretched. 

The ^ove, except at the palm and inside of the thumb, is 
padded, and the skm of the glove does not rest directly on 
the hand. The padding softens the force of the blow for the 
hand and prevents dsinage to the hand. The padding under 
the skin of the gloVe and the flesb under the skin act to* 
jgetjlier to soften a blpw and protect the hand fromunjury, for 
a blow is deliverad by any part of the ^Ove the paddm^ 
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beneatli lliat part and the flesh underneath the padding are 
compressed and act together as a single device to soften the 
blow for the hand. Where there is little flesh over the part 
of the hand which delivers the blow the work of softening 
the blow for the hand is mainly carried out by the artificial 
padding: but may also be partly carried out by the padding 
formed by the flesh at the inside of the hand against which 
the fingers are pressed by the force of the blow. 

The wrist is constructed to wield the fist, but not the fist 
and a glove; but the wrist is supported by the part of the 
glove round ijie wrist and by the tapes if they are tied round 
the glove. The wrist of the contrivance, which consists of 
the human wrist and the part of the glove round the wrist, 
can be fairly firmly set if the glove is tied fairly tightly at the 
wrist; but if the glove is tied too tightly the wrist will be 
constricted and unable to widd the contrivance properly. 

The contrivance is held to the arm by fastenings which are 
partly human and partly artificial. The hand is held by 
human fastenings formed within the hand and wrist and by 
the skin. The glove is held to the arm partly by human 
fastenings and partly by fastenings formed by the ^ove. The 
fingers inside the glove are hooked round parts of the ^ove. 
and arc held to the arm by fastenings formed by the fingers 
as far as the web of the hand and afterwards by connections 
within the hand and arm. The skin also helps to bold the 
glove to the arm; for if the glove begins to move off the 
hand, the skin tightens and helps to prevent further move- 
ment. The inside of the ^ovc and the skin of the band are 
not fastmied so closely as the inside of the glove of the later 
Greek caestus and the skin, and the skin does not play such 
an important part as it does in holding the later Greek 
caestus to the arm- The skin of the gjove plays an important 
part in holding the glove to the arm. When the hand is 
firmly set, just before delivery of a blow of dining the 
ddivejgr of a blow, the skin of the ^ove is very tij^t, and 
then exerts most tension to hold itself to the atm*^ The glqve 
is Jield to the arm partly by the }aces. Tfie pdlm of the fgim 
is l-gped vbep it is placed on thohafid, 
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and sometimes the ends of the laces are wound round the 
parts of the glove round the wrist. 

The contrivance has some resemblances to the human fist 
and wrist, but is larger and less irregular. The knuckles, 
finger joints, finger nails, grooves, creases, and other features 
of the fist, ate not reproduced with any fidelity by the con" 
trivance; but some of them are faintly reproduced when the 
opponent is hit. The contrivance has a separate thumb which 
is placed very similarly to the way the thumb is placed in 
the bare fist, over the parts of the glove which cover the 
forefinger and middle finger or at the side of the forefinger. 
The skin of the contrivance is smoother than the skin of the 
fist, and is darker in colour, usually being dark brown in 
colour or wine coloured. The only fastenings holding the 
glove to the arm which can be seen, except for those formed 
by the skin of the glove, are the laces on the palm of the 
glove and inside of the wrist of the glove, and the parts of 
the laces round the glove at the wrist if the laces are tied 
round the glove. Various seams can be seen on the palm 
and inside of the thumb and round the wrist of the glove. 

The contrivance consists of two main parts. A human 
part is formed by the hand, and an artificial part by the 
glove. The core of the contrivance is formed mainly by 
human parts, and the outer parts mainly by artificial parts. 
The human parts are composed of living organic materials, 
but the artificial parts of lifeless organic materials. The 
artificial parts have no power of their own of carrying out 
offensive actions, but when fitted to the hand come into 
working relationships with the offensive machinery of the 
body and carry out offensive actions. 

The hand when wielding a boxing ^ove is partly un- 
clenched. The finger ends do not reach to the pahn but ate 
separated from it by the thickness of the padding which lies 
inside the finger ends when the hand of the glove is open, 
and by the lining of the palm of the ^ove, and by the tape 
which laces the pahn of the glove. When the thumb is placed 
against the side of the forefinger, the lining of the inside of 
the thuriib of the’ ^ove add' the lining over the side of the 
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foielingcr and some of the padding over the forefinger 
prevent the thumb lying directly against the side of the fore- 
finger, and it is displaced slightly outwards compared with 
its corresponding position in the fist. The main knuckles are 
less prominently formed than when formed for the bare list. 
The main and middle joints are approximately at right angles 
to each other. The finger tips are approximately m a straight 
line. 

Many boxing gloves possess a bar grip formed by a band 
of leath^ or by a length of hard padding sewn across the 
palm of the glove. The bar is almost opposite the crease 
formed where the fingers meet the palm, and is approxi- 
mately in the same position as a pencil or other Ihm rod held 
in the fist,* and is at right angles to the mam and middle and 
top joints of the fingers and to the direction of the arm, and 
parallel to the lines of the main and middle and top knuckles 
and finger ends. The hand closes round the bar when the 
glove is clenched, and the bar partly fills the hollow of the 
hand. The bar is not heavy enough to weight the hand to 
any appreciable extent, and does not appreciably make the 
hand liable to damage through sandwiching The tape which 
laces the palm of the glove is tied round the wrist of the 
glove, and is clearly a modern variation of the parts of the 
thong or straps of the Greek caestus which were wound 
round the wrist and forearm, for it helps to hold the ^ove 
to the arm as the thong or straps helped to hold the caestus 
to the arm. 

The size and shape of the glove are determined within 
close limits by the size and shape of the hand. The ^ove 
must not extend much beyond the ends of the fingers, 
because the hand must be nearly clenched, and the end of 
the glove must be contained within the hand. The thickness 
of die glove over the side of the forefimger and the thickness 
of the lining of the inside of the thumb of the ^ove must not 
be suflficient to force the thumb outwards to any considerable 
extent. To allow the hand to be nearly clenched the parts 
of the glove lining the palm apd insides of the fingers must 

chapters 12 and 23. 
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not be padded. The thickness of the padding over the main 
linger joints must be sudicienl to deaden the force of the blow 
to the hand; but if more than sufficient for this pin pose, the 
opponent will be pushed rather than hit. 

The glove cannot be weighted above the main joints oi 
mam knuckles or middle knuckles without altering the form 
ol the glove and its fastenings. If the glove were much 
weighted over the main joints or main knuckles or middle 
knuckles, the form of the glove would have to be consider- 
ably altered to provide more support for the wrist and 
forearm and perhaps support would also have to be provided 
for the upper arm, and the glove would revert to a form 
somewhat similar to that of the ancient Roman caestus which 
has a sleeve and straps extendmg sometimes to the shoulder; 
and the disadvantages attending the use of a caestus extend- 
ing over the forearm and the upper arm would again be felt. 

The hand is fully released from the need for coming into 
contact with the opponent and directly delivering the blow; 
and the opponent is directly hit by the glove which therefore 
partly releases the hand from the need for forming knuckles 
and joints for use against an opponent. But the glove docs 
not fully replace the fist, and the hand must still form 
knuckles and joints within the ^ove, and indirectly deliver 
the blows directly given by the glove. The glove releases the 
skin from the need for coming into contact with the oppon- 
ent: but does not fully replare the skin in the work of 
wielding the contrivance; and the skin still tightens to hold 
the glove if the glove begins to move off the hand, and it 
still helps to join the hand to the interior of the glove. 

The types of blows that can be given by the contrivance 
are 'fewer in number than can be given by the bare fist, 
because the contrivance does not possess dearly defined 
finger and thumb knuckles add joints, and the many and 
various types of blows that can be given by the fist cannot 
be ^ven by |ho contrivance. But toast of the main types of 
blov^fsithat: dad be ^ven by the fist can also be ^yen in 
moditia^ ^*^nttivanc&„ ^ ^ > 

The sddnvbt the gioVe 'tdeas^s the skin of the h^4£com 
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the work of coming into contact with the opponent; and the 
padding of the glove partly releases the padding formed by 
the flesh and other soft parts of the hand from the work of 
softening the blow for the hand. The boxing glove does not 
partly replace the hard parts of the hand; and the knuckles 
of the contrivance must still be formed by the knuckles 
within the glove. The knuckles of the contrivance are so 
protected by artificial padding that they are less effective 
in delivering hard and sharp blows, and as a result the con- 
trivance ^ has a tendency to push rather than hit the 
opponent. 

Advantages are gained by the use of the modern boxing 
glove; but the advantages are accompanied by disadvantages. 
A heavier blow can be delivered by the glove than by the 
bare fist; but the blow from the glove and hand is not as hard 
and heavy as the blow from the bar of a Roman caestus or 
the ring of a Greek caestus. The skin of the hand and the 
knuckles and joints are well protected from damage; but the 
clearly defined blows that can be given by the bare fist or 
by a Roman bar caestus or by a Greek caestus cannot be 
given by the modern boxing glove. The movements of the 
widder of a glove and hand are slower than those of the 
wiolder of the bare fist; but can be more rapidly carried out 
than the movements of the wielder of a Greek or Roman 
caestus. The glove must be manufactured and be fitted to 
the hand, and a longer time is needed to bring it into action 
than is needed to bring the bare fist into action; but it is 
more easily and quickly manufactured and fitted than the 
later Greek caestus or the Roman bar caestus or the Roman 
sleeve caestus. 



Chapter 10 


THE KNUCKLEDUSTER 


T he ordinary knuckleduster may be described as a 
metal plate with four holes. The four fingers are 
placed through the holes; and the insides of the 
top joints of the fingers are placed on the bottom of the 
plate whieh is in the form of a bar. The bar lies in and 
across the palm at right angles to the forearm, and the 
finger ends press against the bar. The part of the plate 


opposite the bar lies ovet the middle knuckles, and has 



a wave-like edge, the four 
crests of the waves being 
above the four knuckles. 
The edge forms a set of 
four artificial knuckles, 
each artificial knuckle 


lying over a human 
knuckle. The form of the 
artificial knuckles varies. 
Sometimes the edge Ls 
slightly waved, and the 
knuckles are blunt and not 
well defined. Sometimes 
the knuckles are well 
defined; and sometimes 
each has a sharp point, 
figure 5 (ii)- Part of 

(i) Knuckleduster the plate lying between the 

Warrington Municipal Musewn^^ and finger holes is 

(ii) Knuckleduster, With four points removed to listen the 

W« Hims Mmam. 

serve Its balance- The main features of a knuckleduster are 



thetefore, tout projeotions or wave-like edges, four holes for 
( $le fingers, and a bat to tie in the palm, and three metal parts 
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to lie between the four lingers. When the knuckleduster is 
held, the hand is neatly clenched with the bar in the hollow 
or barrel of the list: and the thumb lies over the forefinger 
and middle finger. 

The fastenings which hold the knuckleduster and the hand 
together are formed partly by the hand and partly by the 
knuckleduster. The holes allow the fingers to be passed 
through them; but only the lowei halves of the rings formed 
by the holes are used as parts of the fastenings, for the lower 
halves alone arc in contact with the insides of the fingers, 
and the upper halves are not m contact with the fingers. The 
bar forms a flat surface for the insides of the ends of the 
fingers to rest upon. 

The human and the mechanical fastenings whicn hoid the 
hand and the knuckleduster together are complementary. 
The knuckleduster is made of metal and cannot be deformed; 
and the finer parts of the fastenmgs must be formed by the 
hand and fingers. The fiesh is deformable and adapts itself 
to the shapes of the holes and bar and allows the lower halves 
of the rings formed by the holes to press into the flesh of the 
fingers, and the bar to press into the flesh of the palm and 
insides of tlie ends of the fingers. The flesh partly sur- 
rounds the lower halves of the rings and the bar and prevents 
movement and slipping. The hand and fingers form a pouch 
for the knuckleduster which corresponds closely in shape to 
the parts of the knuckleduster which are in contact with the 
hand and fingers. If the knuckleduster could be removed 
without altering the form of the pouch, the impressions of 
the parts of the knuckleduster which had been in contact 
with the hand and fingers would be dearly seen on the in- 
side of the pouch. 

The hand is not fully clenched, because the parts of the 
knuckleduster between the holes and the bottom of the bat 
lie withan the band; and the msidps of the finger ends are 
prevented by the bar from, reaching the palm, the distance 
between the finger ends and the palm being eq^ual tq tfi® 
Width of the bqx. Because the bat lies betweeh the fing^ 
ends and the pahn the fingers are slightly nndenohed.'''and 
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the tliumb lying over the forclingor and middle linger ih 
pushed slightly outwards. 

The knuckleduster is light enough for the contrivance 
formed by the hand and knuckleduster to be wielded without 
artificial support being provided for the wrist and forearm, 
and the fastenings joining the contrivance to the arm arc all 
human. The fastenings which join the knuckleduster to the 
arm arc formed mainly by the fingers passed through tlie 
holes and by the ends of the fingers pressed on the bar. and 
by the connections of the fingers to the arm formed within 
the hand and wrist and forearm. 

The padding between the hand and knuckleduster is 
formed by the flesh at the insides of the fingers against the 
lower halves of the rings, and by the flesh at the insides of 
the fingers against the bar, and by the flesh at the palm 
against the bar, and by the flesh at the fork of the thumb 
against the bar. Padding between the outer parts of the 
finger joints and the upper halves of the ring is unnecessary 
because the holes are so shaped that the upper halves of the 
rings do not rest on the joints of the fingers. When the hand 
is clenched the fork of the thumb presses the bar upwards 
so that the lower halves of the rings press into the flesh of 
the insides of the fingers and the lop halves of the rings are 
raised above the finger joints leavmg spaces between the 
upper halves of the rings and the finger joints. 

The contrivance formed by the hand and knuckleduster 
bears many resemblances to the bare fist. Most of the 
features of the bare fist are reproduced; but the fist formed 
by the hand holding the knucldedustesr is slightly larger than 
t^ bare fist, for the fingers are sli^tly unclenched. The 
main difference in the form of the contrivance and the form 
of the bare fist is the presence on the Contrivance of the four 
artificial knuckles lying over or nearly over the middle 
knuckles. The contrivance is heavier than the bare fist by 
an atndunt equal to the wei^t of the knuckleduster. The 
parts of. the contriyqncb'ff^med by the artificsial knuckles ate 
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arm arc formed by tiro bkiii of the hand and by parts lying 
witliin the hand. The parts of the contrivance near the wrist 
and the wrist of the contrivance are very similar to corre- 
sponding parts of the bare fist. 

Most of the types ol blows that can be given' by the bare 
fist can be given by the contrivance, for the contrivance 
possesses most of the main features of the fist; but consider- 
able advantages can be gained by directing the artificial 
knuckles against the opponent, and the contrivance is mainly 
used in tWs way. The types of blows given by the artificial 
knuckles are somewhat similar to those that would be given 
by the middle knuckles of the bare fist; but the blows are 
heavier and harder and may be sharper. The blows are 
heavier because the weight of the knuckleduster is added to 
the weight of the hand, and harder because the artificial 
knuckles are harder than the human knuckles, and sharper 
if the artificial knuckles are pointed. If the edge of the 
knuckleduster is fairly straight, the blow may not be as sharp 
as one delivered by the human knuckles; but if the artificial 
knuckles arc well formed and are pointed, the blow may be 
very much sharper. 

When a blow is given by the artificial knuckles the human 
knuckles do not come in contact with the opponent and ate 
released from the work of directly hitting the opponent. The 
artificial knuckles protect the human knuckles and replace 
them for certain types of blows. The artificial knuckles do 
not partly replace the sides or the flat of the fist or the 
thumb or any parts of the fel except the knuckles. 

The contrivance formed by the hand and knuckleduster 
forms a single weapon. The hand and knuckleduster are 
rigidly joined and cannot have independent motions; and the 
parts of the knuckleduster and the parts of the hand retain 
their relative positions approximately throughout all, move- 
ments, The contrivance consists of two !m,ain 
human part is formed by the hand and an artlfiol^ 
knuokleduslor; and /the human andi 
a^mq^t‘'exao(l,y and ajre oomplemefiisty and 
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The s.ue and shape of the knuckledubtcr arc dotcrmmcd 
within close limits by tlie size and shape of the hand. The 
length of the bai is determined by the widtli of the palm 
The bar must not project outside the hand, for if a project- 
ing end wore to come in contact with the opponent, so much 
leverage might be exerted on the iings round the iingeis that 
they would cut oi damage or sprain the finger joints. The 
bar must be long enough and wide enough for the finger ends 
to rest upon it. It must not be made heavier than is neces- 
sary to balance the weight of the pait above the fingers; and 
also as little weight as possible must be placed inside tlie 
hand to decrease the danger of sandwiching. To decrease 
the weight within the hand, part of the knuckleduster between 
the holes and the bar must be removed. The holes must be 
made rather larger than the fingers so that the top halves of 
the rings are well above the knuckles when the hand is 
clenched. The lowei parts of the holes must be at a height 
above the bar to allow the fingers to reach comfortably to the 
bar in the palm. The upper edge or the points of the 
knuckles of the knuckleduster must not bo made loo high, or 
the leverage when a blow is given may bend the knuckle- 
duster back on the fingers. The boles must be at distances 
apart which will allow the finger ends to come together com- 
fortably on the bar in the palm. The weight of the knuckle- 
duster must be sufficient to give as much additional weight 
to the blow as possible; but must not be so great that the 
wrist and forearm must be supported artificially. 

A wooden knuckleduster is used by the Sinhalese of 
Ceylon, Figure 6. It has only three main knuckles, but two 
sm^ knuckles project from the 
sides of the weapon. A blow 
given by either of these side 
knuckles would evidently be 
given at right angles to the one 
given by the knuckles which he 
over the tivman knuckles; and KNUCKLHdusxER 
the directloa of a blow from a Homiman Mwmn, tendon 
side knudtle is therefore turned through a ri^t angle 



Fig. 6. 
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compared with its directiou when given by the main 
knuckles (Sec Rule 10, Ch. 14). 

The fingers are not placed through holes, as when a metal 
weapon is used, and the spaces between the fingers are not 
filled. But the wood at three points begms to enter the three 
spaces between the four fingers, but is not continued to meet 
the bar of the weapon. In the metal types, the three spaces 
between the four fingers are filled by the three metal parts 
which separate the four holes. It will be shown later in the 
work that the three metal pieces which lie between the four 
fingers are riflmg devices, related to the feathers on the butt 
of an arrow or to the rifling grooves on the interiors of gun 
barrels. In the wooden weapon, the rifling devices are in a 
more rudimentary stage of mechanical development, and 
appear merely as the fluree pomted parts at the upper inside 
of the oval. 

The wooden weapon is not m the form of a plate. The 
bar is somewhat in the form of a cylmder. The upper part 
is fairly thick, and the knuckles are thick and rounded and 
not brought to points. A blow given by the three main 
knuckles of the weapon would not be much different from 
one given by the bare human knuckles, but would be harder. 
An advantage of using the weapon would be that the 
wielder’s knuckles would be saved from damage. A disad> 
vantage would be that the hostile mtentions of the wielder 
would be revealed by his opponent seeing the weapon fitted 
to his hand (See Rule 6, Ch. 14> 

Crude types of knuckledusters are often used. One type 
is forjned, for example, by a piece of bicyde chain passed 
round the hand. The human knuckles can easily be mech' 
anized in a rough and ready way by the parts of the chain 
lying round them, and the bar be formed by the part Of the 
chain within the barrel or hollow of the fist. Another type 
of knuckleduster is sometimes formed simply by placing) 
three corns, say penm^s, between the four fingers, bo thg^- 
, (^y fill the grooves or spices between the fingefs ubid 
M fopn tk^ stiarp khuckles. With this 
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fingers, and the knuckles by the parts ol the coins projecting 
outside the fist. No mechanical bar however is formed, and 
control over the artificial knuckles is therefore difficult. 



Chapter 11 


THE BAGHNAK 

T he Indian baghnak is used to tear or claw an 
opponent. It is a secret weapon which lies hidden 
in the hand until it is about to be used. 

A common type of baghnak is made of steel and consists 
of a bar, four claws or blades set at right angles to the bar. 
and two rings for the fingers, Figwes 7 and 8. The fore- 
finger and little finger are placed through the rmgs which 
are nearly at the ends of the bar. The bar lies in the palm 
m much the same 
position as the bar of 
a knuckleduster. When 
the baghnak lies hid- 
den in the hand the 
fingers he along and 
over the blades, and 
the only parts of the 
baghnak which are Fra- BAGHNAK 

visible axe (he rings After I, Skelton, FSA., 

on tho forefinger and Aniient Aimom 

little finger. Each blade somewhat resembles a curved 
pocket-knife blade The edge of each blade opposite a finger 
is sharp like the blade of a pocket-knife, and ^e blade ends 
m a point. 

When the baghnak is being used, each finger hes along and 
over its corresponding blade. Figure 8 (li). The forefinger 
lies along and over the blade nearest itself; the middle finger 
along and over the second blade; the third finger along and 
over the third blade; the little finger along and over the 
fourth blade which is near the end of the bar next to file 
little finger. Each blade forms a support for a finger, and the 
finger presses the back of the blade to force the point and 
edge df the blade against the opponent. The siae and shapd 
of the baghnak are closely determined by the size and shapi 
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of the haad. The baghnak mu&l nol be made so large tiiat 
it cannot be hidden in the hand. The blades must be made 
nearly as long as the fingers so that the fingers can lie along 
and over them and the insides of the top joints can press the 
blades against the opponent The blades must be set on the 
bar at distances apart which will allow the fingers to lie com- 
fortably over them. The rings must be placed near the ends 
of the bar at a distance apart a Uttle more than the distance 
between the outer blades, so diat the forefinger and little 
finger may exert some pressure to pull the rings towards each 
other and so prevent any movement of the bar along its own 
length. The blades must be curved so that the fingers can 
lie comfortably over them in positions very much the same 
as if the fingers alone were used to daw an opponent. The 
ends espedally must be curved so that the finger ends can 
bend over and exert pressure on them. The blades must 
be blunt on the edges on which the fingers lie, and sharp on 
the opposite edges to cut the opponent, and must be curved 
to a point to tear the opponent. 

The fastenings which hold the hand and baghnak togolbcr 
are formed partly by the hand and partly by the baghnak. 
The lings surround the forefinger and litUc finger and form 

closed dasps to hold 
the baghnak to the 
fingers. The bar lies 
across and against the 
palm and helps to keep 




Fro. 8. 

(i) Bakhnak 

British Museum Bandbook 


the baghnak in position. 
The backs of the blades 
are curved to receive 
the fingers placed over 
them. Complementary 
parts of the fastenings 
are formed by the hand 
and fingers. A groove 
running nearly the 


(ii) A on a claw of a baghnak length of ea^h finger is 


/formed, by the back of each blade in the flesh of the finger 
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which lies along and over it. The groove is especially deep 
and well formed at the moment the opponent is clawed, for 
the back edge of the blade then presses hard against the flesh 
on the inside of the finger, and the finger then exerts its 
greatest pressure on the back ‘of the blade. The flesh rises 
slightly along the sides of the groove and helps to prevent the 
blade slipping out of the groove and the finger slipping side- 
ways off the blade. Four grooves altogether are formed, one 
being formed along the length of the inside of each finger. 
The bar presses against the flesh of the palm and makes a 
bed for itself in which to lie. The baghnak is made of metal 
and cannot be deformed by the pressure of the hand and 
fingers, but is made so that it partly fits the hand and fingers; 
but the flesh of the hand and fingers is deformable and adapts 
itself easily and automatically to the shapes of the parts of 
the baghnak with which it is m contact, and a close fit of the 
hand and baghnak is obtained. The hand forms a pouch for 
the baghnak; and if the hand could be removed without 
altering the form of the pouch, the impressions of the parts 
of the baghnak which had been in contact with the hand and 
fingers would be seen on the interior of the pouch. Probably 
some of the impressions remain on the hand for a few 
^moments when it is removed after use. The impressions of 
the rings on the fingers especially would be likely to remain 
for some moments. 

The contrivance formed by the hand and baghnak forms a 
set of claws to claw an opponent; and is partly human and 
partly artificial. The claws are formed parfly by the fingers 
and partly by the blades. Each claw consists of two main 
parts. An artificial part is formed by the blade, and a human 
part by the finger lying over the blade. The blade forms the 
undo: part of the claw; the finger the upper part. The fiflgei 
and the blade are incapable of different movements and to- 
gether form a rigid daw. The hlade partly releases the fbgej 
from the work of clawirig the opponent, for the fingeiys 
released from the need for coining into contaot wit^ 
op^ent and directly clawittghim; but indiraotlff&^^fl 
davt'a thfe oppbndnt ot It is* placed behihd 
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through clawing movements, and therefore the blade does 
not fully release the finger from the work of clawing the 
opponent or fully replace the finger as a claw. 

The baghnak while lying hidden in the hand is loosely 
held, and the wrist is flexible. During the wielding move- 
ments the fingers are set in the form of claws and the wrist 
is firmly set. At the moment of clawing the opponent, the 
finger ends press hard on the ends of the blades and the wrisi 
is very firmly set, and the fingers and blades and rings are 
very fcmly fastened together. The weight of the baghnak is 
not suflicient to demand artificial support for the wrist and 
forearm, and the fastenings holding the contrivance to the 
arm are all human. The fastenings holding the baghnak to 
the arm are formed mainly by the forefinger and little finger 
placed through the rings and by the fingers placed over the 
blades and especially by the ends of the fingers, and by the 
connections of the fingers within the hand extending to the 
wrist and forearm. The skin plays some part in holding the 
baghnak to the arm. for when the opponent is being clawed 
the baghnak tends to move off the fingers, and the skin on 
the forefinger and little finger is pulled slightly from the hand 
by the rings and the skin of the hand lightens to prevent 
further movement. The skin of the palm also tightens at the 
moment of clawing because the bar tries to move up the hand 
towards the fingers, and the skin of the palm then helps to 
hold the baghnak to the hand. 

The contrivance when being used against the opponent 
bears some resemblances to the daws formed by the fingers 
when the fingers alone are used to tear an opponent. The 
main and middle knuckles and joints are visible, hut the 
knuckles are not well formed. The top joints and finger nails 
are visible. The fingers are sli^tly separated. The hack of 
the contrivance except for the rings dosely resembles the 
back of the hand when the fingers alone are used as claws. 
The thumb is almost identical with the thumb when the 
fingers alope form daws. The upder sides of the fingers are 
artificial and |hatp, A bar lies across the palm. The fingars 
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are slightly more unclenched than when they form claws by 
themselves. 

The contrivance when the baghnak lies hidden resembles 
a slightly unclenched fist; but possesses rings showing on the 
forefinger and little finger. From the front no parts of the 
baghnak are visible except the rings; but the end of the bar 
nearer the little finger may be seen from the side, and the 
side of the blade nearest the little finger may also be partly 
seen. The end of the bar nearer the thumb and the side of 
the blade nearest the forefinger may be fairly well covered by 
the thumb lying across the hollow of the fist. 

Advantages are gained by partly replacing the hand by the 
baghnak. The human fingers by themselves possess little 
powers of tearing an opponent, for they are blunt and bend 
easily. The finger nails are sharp, but are weak and are 
easily bent or broken when used against an opponent. The 
blades of a baghnak however can be made strong enough not 
to bend on being brought into contact with an opponent. 
They can be made very much sharper than the fingers, and 
their points very much stronger and sharper than the finger 
nails. The advantages, however, are accompanied by disad- 
vantages. The fingers are at once available for use as claws: 
but the baghnak must be manufactured, and must be fitted 
to the hand, and the method of using it must be learnt. The 
baghnak may be mislaid and not be available when wanted : 
the fingers, of course, cannot be mislaid and are always avail- 
able for use as claws. The hand can be prepared for use as 
claws without its purpose being known; but the rings on the 
fingers may reveal the presence of the baghnak. Also the 
hand when holding a baghnak must be kept nearly clenched, 
and suspicions may be aroused by the unwillingness of the 
user to expose his hand and move it freely. 

The baghnak by itsdf is not a weapon. By itself it is an 
inanimate piece of metal of a peculiar size and shape- Its use 
cannot be known except by reference to the hand; nor can 
any reasons be given for its size and shape and materials 
except by reference to the hand. It possesseli no ^ pf its 
own, and cannot perform any actions ag{dfisl;|.aig,»o^ii>ent 
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by powers of its own, and must remain in the position in 
which it has been placed until it is moved by outside forces. 
It could not have been designed and manufactured without 
reference to the hand, and it was necessary to study the hand 
closely before it could be designed and manufactured. The 
baghnak and hand together form a weapon, and the form of 
the baghnak is complementary to the form of the hand when 
both are fitted together, and both together form a weapon 
which comes into intimate working relationships with the 
wielding machinery formed by the body. The contrivance or 
weapon requires and demands its own special actions and 
movements from the machinery of the body when it is being 
wielded, and the actions and movements of the wielder of 
a baghnak and hand are differently performed from those of 
the wielder of a fist or caestus and hand or other weapon. 

A flexible type of baghnak possesses five claws fastened to 
jointed plates of steel which line the palm. Four of the claws 
are close together and project from the end of the baghflak 
opposite the wrist, and the fifth claw is fastened to the side 
of the plates. The wrist of the baghnak has a strap, and 
there are rings or loops for insertion of the fingers. * 

The jointed steel plates cover most of the palm, and four 
of the claws lie under the fingers, and the fifth daw lies under 
the thumb. The part of the baghnak opposite the four claws 
lies under the wrist, and is fastened to toe wrist by a strap. 

The size and shape of toe flexible baghnak are determined 
within close limits by the size and shape of toe band. The 
size and shape of toe palm determine toe sizes and shapes of 
toe plates; and toe lengths of toe fingers and thumb toe 
lengths of the daws. The sizes of toe rings ox loops and 
strap are determined by the sizes of the fingers and wrist. 
The fastenings which hold toe hand and toe flexible 
'baj^nak together are formed partly by toe hand and partly 
I by top baghnak. The strap forms a dasp shaped like the part 
to^e w!nist ^ surrounds, and helps to hold toe baghnak to 
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the wrist. The rings or loops for the fingers also form clasps 
to help to hold the baghnak to the fingers. The jointed plates 
impress their shapes on the flesh of the palm, and the flesh 
of the palm reproduces the forms of the plates and joints. 
The strap and the rings make beds or grooves in the flesh in 
which to lie. The human and artificial fastenings are com- 
plementary. and the hand and baghnak together form a single 
weapon. 

The fastenings which hold the baghnak to file arm are 
partly human and partly artificial. The human fastenings are 
formed partly by the fingers and then connections within the 
hand and wrist and forearm. They are also partly formed 
by the skin. The skin is closely attached to the jointed plates, 
and forms creases to fit into the grooves at the joints between 
the plates, and the creases and grooves form catches to hold 
the skin and plates together. If the baghnak begins to move 
of! the hand, the plates of file baghnak straighten and the 
skin tightens with the movement, and the plates and skin 
together help to prevent further movement off the hand. The 
rings also grip the fingers more firmly if the baghnak begins 
to move off the hand, and help to prevent further movement 
off the hand. The strap round the wrist also helps to prevent 
the baghnak moving off the hand. 

The jointed plates which line the palm form a kind of 
artificial skin, and act in much the same way as the skin acts 
to hold the baghnak to the arm; and the claws of the baghnak 
project from the plates in a manner resembling the manner 
in which the fingers and thumb project from the palm, The 
plates partly replace the skin in the work of holding the 
baghnak to the arm. They also help to hold the band to the 
arm, for when the opponent is being clawed the claws of the 
baghnak and the fingers tend to pull the hand away froip the 
arm, but the plates tighten and the skin tightens and the 
plates and skin then help to prevent the hand being pulled 
avfay from the arm. The plates partly relieve the human 
fastenings of the work of holding the hahd to the arpa* J 

The daws of the baghnak partly replace tihe fihget| in ^ , 
WorU b{ dawlngthe opfidneht, becahs^ i 
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fingers from the work of coming into contact with the oppon- 
ent and directly clawing him; and the ends of the daws partly 
release the finger nails from the work of tearing the opponent. 
The daws of the baghnak can be made sharper and stronger 
than the finger and thumb nails; and the contrivance can tear 
the opponent more easily than the finger nails can tear him. 

The contrivance has some resemblances to the fist. All the 
main features of the fist can be seen. The finger ends and 
nails can also be seen. The knuckles, however, are not so 
prominently formed as on the fist. The palm, which cannot 
be seen in the fist, has an artificial surface formed by the 
jointed plates of sted. The outsides of the claws arc formed 
by the fingers and thumb, but the insides by the daws of 
the baghnak. The hand is more unclenched fiian when the 
caestus is being held, and the fingers are more separated. 

A rigid type of baghnak has three connected steel blades 
with rings for tlie insertion of the forefinger and little finger. 

The three blades lie nearly concealed in the hand when the 
baghnak is being cairied; but when it is being wielded they 
project from the closed fingers “ like the daws of a tiger.” ' 

Another rigid type of baghnak has five parallel blades fixed 
to a bar. with a band to pass round the back of the hand, the 
band being fastened to the ends of the bar. Two loose rings 
for the fingers are fastened to the band on some specimens, 
but not on others. Apparently the thumb as well as the 
fingers are placed along and over the blades. 

Another type of baghnak is made a$ a pair, one ba^ak 
for each hand. Each consists of four paralld blades set at 
right angles to a bar. A fifth blade projects from the bar in 
the direction of the bar and forms a continuation of the bar. 
and is at right angles to the other blades; and the fifth blade 
of one baghnak is opposite to the fifth blade of the other of 
the pair as the thumb of one hand is opposite to the thumb 
1 

I The Kt, tUpn. Ldtd Egerton of Xatton, MA., etc,, Indutn Arms 
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of the other hand. The forefinger and little finger are placed 
through rings, and the four fingers lie along and over the four 
blades, one finger over each blade. Little information is 
available about the way this type of ba^nak is held. The 
four blades are of the same length and do not reveal which 
baghnak is fitted to the ri^t hand and which to the left 
hand, and it is difficult to know whether the fifth blades lie 
in the directions of the thumbs or project from the sides of 
tlie hands opposite the thumbs. If the fifth blade projects 
from the side of the hand opposite the thumb, it will not be 
supported by the thumb and would be used for stabbing an 
opponent in the way a dagger is used. Much strain would 
be placed on the four parafiel blades if the fifth blade was 
used in this way, for the parallel blades are fairly loosely set 
and althou^ able to bear considerable pressure from the 
fingers pressing directly on them would be easily bent side- 
ways. If the fifth blade lies in file direction of the thumb, 
the end of the thumb can be placed on the back of the blade 
to support and drive it against the opponent, and the blade 
can be used to cut and tear but not to stab an opponent. 

The pair of ba^aks bear striking resemblances to the 
parts of the hand they partly replace as claws. The four 
blades of each project from the bar in a manner which 
resembles the way in which the four fingers project from the 
hand; and the fifth blade projects from the bar in a manner 
which resembles the way in which the thumb projects from 
the hand. The baghnaks are not identical, for the edge of 
the fifth blade of one of the pair faces the opposite way to 
the edge of the fifth blade of the other. 
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THE GRIP 

W HEN the hand forms a fist the end joints of the 
fingers lie in the hand or nearly in the hand. The 
ball of the thumb, or the soft lower inside part of 
the thumb, covers the end joints of the forefinger and middle 
finger and third finger; and the end jomt of the little finger 
is partly covered by the part of the palm opposite the ball 
of the thumb. The middle jomts of the foiefinger and middle 
finger lie partly under the thumb and are partly covered by 
it. The parts contained or nearly contained within the hand 
are therefore the end joints of the fingers, and the parts con- 
tained under the thumb are parts of die middle joints of the 
forefinger and middle finger. The insides of the end joints 
of the fingers press against the upper p^t of the palm near 
the web of the hand. Pressure from the ball of the thumb 
also helps the fingers to press against the palm. The thumb 
exerts some pressure on the fingers and helps to press them 
against the palm; but the upper part of the thumb rests 
against rather than presses against the fingers, and docs not 
exert much pressure. The ends of the fingers lie approxi- 
mately in a straight line whidi is approximately parallel to 
the line of the main knuckles and the line of the middle 
knuckles and the line of the top knuckles; and the line of 
the finger ends is approximately at right angles to the joints 
of the fingers and to the direction of the forearm. 

When the hand is slightly unclenched a hollow is formed 
between the fingers and the palm. It is possible to see through 
the hollow, aud it could be nearly filled by a pencil or other 
thin rod. The pencil or other thin tod would be held 
approximately at right angles to the direction of the forearm 
and to the ireoiions of the joints of the fingers; and parallel 
to the lines^of the finger ends apd knuoldea. The hoUow 
SNdieft. the hand is more unclenched is filled by the gjiip of the 
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handle of the weapon that is being wielded, which may be a 
part of the hilt of a sword, the handle of a bow, the shaft of 
a thrusting spear, the handle of a dub, etc. 

When the knuckleduster is held the hand is slightly un- 
denched, and the hollow is occupied by the parts of the 
knuckleduster held within the grasp of the hand, that is by 
tlic bar of the knuckleduster and the part of the knuckle- 
duster lying between the bar and the holes. The insides of 
the ends of the fingers press on the bar of the knuckleduster 
and press the bar against the palm. The bar lies within the 
hand, and the huger ends do not quite reach to the palm but 
are separated from the palm by a distance equal to the width 
of the bar; and the huger ends are pushed slightly out of the 
hand, and are not covered quite so well by the ball of the 
thumb and the part of the palm opposite the ball of the 
thumb. As a result of the bar being within the hand, the 
hand is partly hlled by the bar and the ends of the joints of 
the hngers are partly pushed out of the hand. The bar 
releases the ends of the hngers from the work of pressing 
direcdy on the palm, and the work of pressing on the palm is 
directly carried out by the bar. The hngers, of course, still 
press on the palm, but indirectly through pressing on the bar. 
The hnger ends lie on the bar in a straight line, or in a slight 
curve which coincides with the direction of the bar. The bar 
partly replaces the hnger ends in the work of pressing on the 
palm and keeping the hngers rigid; and forms a device similar 
to that formed by the ends of the hngers. The complete bar 
of the contrivance is formed by the bar and the ends of the 
hngers placed on the bar. and is partly artihdal and partly 
human. The bar is also held against the palm partly by the 
pressure exerted by the thumb and especially by the lower 
part of the thumb on the ends of the hngers. 

The bar is pushed upwards or prevented from movihg!^ 
downwards by the inside df the lower part of the thiOtaB, 
the web of the thumb, which pushes Ae bottom 
iqiwards, Upward pressure must bd exerted on. 

' ofnihe |>ar to, keep the top halves of the rings ’ 

iphe knnckiednstoi! 
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ihc bar and the part between the bar and holes, £orni the grip 
of the knuckleduster. 

When a rigid typo of baghnak is being wielded the hand is 
more unclenched than when the knuckleduster is being 
wielded, and the hollow of the hand is large and is partly 
filled by parts of the baghnak. The bar lies across the palm 
m much the same way as the bar of the knuckleduster lies 
across the palm. The blades also are contained within the 
grasp of the fingers and hand, and the grip of the baghnak is 
formed by the bar and the blades. The ends of the fingers 
are separated from the palm by a distance equal to the dis- 
tance between the ends of the blades and the side of the bar 
lying against the palm. The finger ends do not directly press 
on the palm, but press the ends of the blades and so exert 
pressure on the bar to press it agamst the palm. The finger 
ends are released from the need for coining in contact with 
the palm by the bar which carries out this work. The finger 
ends do not lie directly on the bar, but are transferred to 
places at the ends of the blades opposite the bar and indir- 
ectly press on the palm. The finger ends are in a straight line 
or nearly in a straight line for the ends of the blades are 
usually in a straight line or nearly in a straight line, and the 
line of the finger ends is still parallel to the line of the bar: 
and the lines of the linger ends and of the bar are at right 
angles approximately to the line of the forearm. The bar of 
the contrivance is not formed by the bar of the ba^ak but 
by the bar of the baghnak and the finger ends, the finger ends 
and the bar of the baghnak forming complementary parts of 
the complete bar of the contrivance. The bar is not pushed 
upwards or prevented from being pushed downwards by the 
fork of the thumb but by the forks or webs of the fingers, 
for movements of the rings up the fingfets towards the hand 
are prevented by the web of the hand, or the forks formed 
between the forefinger and middle finger and between the 
little finger and third finger. 

When the fiexible type of baghnak is being wielded the 
l^p of the ba^nak is formed by all its parts except the parts 
l^rjihd the wri8|, The ^nget ends do not press directly on 
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the palm, but mdiroctly press on the palm because they press 
on the claws which press the plates agamst each other and 
agamst the palm. The bar of the baghnak is formed by the 
several plates which lie in dnrections crossing the palm at 
right angles approximately to the Ime of the forearm. The 
baghnak is prevented from moving up the hand towards the 
wrist partly by the rings on the fingers and thumb. 

When the eaily Greek type of caestus formed from a thong 
IS held, the grip of the caestus is formed by the pari grasped 
by the hand between the ends of the fingers and thumb and 
the palm. The ends of the fingers are separated from the 
palm by a distance equal to the width of the caestus between 
the ends of the fingeis and the palm; and press mdirectly on 
the palm by pressing on the top of the caestus. The thumb 
also presses the caestus agamst the palm, but does not exert 
much pressure but rests against the side of the caestus. 

When the later Greek type of caestus is being wielded, the 
grip of the caestus is formed by the parts of the ring and 
glove and fastenings held withm the grasp. The finger ends 
press on the flat surface of the top of the ring; and the part 
of the glove agamst the palm forms a flatfish surface smce the 
palm forms a flatfish surface; and the fingers indirectly press 
the grip of the caestus against the palm. The thumb also 
helps to piess the grip of the caestus against the palm. 

When the Roman type of caestus which possesses a metal 
bar on the back of the hand is held, the grip of the caestus is 
formed by the parts of the glove and fastenings within the 
grasp. 

When the modern boxing glove is held, the grip is formed 
by the parts of the glove held withm the grasp. If a bar grip 
IS provided, part of the grip is formed by the bar; and the 
bar corresponds to the bar of the knuckleduster or baghnak, 
and is at right angles to the line of the forearm. The ends 
of the fingers do not come in contact with the palm, but ard 
separated by the parts of the glove covering the ends of the 
fingers. The thumb and especially its lower part helps to 
press the fingers against the limng of the glove and indhehtl^ 
against the palm. 
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When a spherical stone is held, the grip of the stone is 
formed by the parts within the grasp of the fingers and thumb 
and palm. The finger ends and thumb end press the surface 
of the stone opposite the palm and press the stone against 
the palm. The ends of the fingers are not in a straight line 
but lie on an arc of a circle, and the end of the thumb also 
lies on this circle. 
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GENERAL OBSERVATIONS ON WEAPONS 
OF THE HAND 

A HAND weapon does not form a complete weapon by 
itself. A complementary part of a hand weapon is 
■ formed by the hand; and the hand and the hand 
weapon together form a complete weapon. 

Sometimes a weapon cannot be made except with the hand. 
The early Greek type of caestus, for example, cannot be 
made unless the thong is wound round the hand. Sometimes 
the parts of a weapon cannot be assembled except with the 
hand. The ring and straps of the later Greek caestus, for 
example, cannot be placed on the glove unless the hand is 
inside the glove to give the glove its shape and keep it in 
shape. The shape of the weapon is sometimes kept by the 
hand; sometimes the shape of the hand is kept by the weapon. 
The shape of a caestus, for example is kept by the hand, but 
the shape of the hand is kept by a rigid type of baghnak. The 
hand sometimes forms the core of the contrivance, as, for 
example, when the caestus is used; sometimes the weapon 
forms the core of the contrivance, as, for example, when the 
baghnak or the knuckleduster is used. 

A single contrivance is formed by the hand and weapon 
together. The hand is able to come into intimate union with 
the weapon because it possesses separate fingers each possess- 
ing several joints, and flesh which is deformable and can 
adapt itself to fit the weapon. 

The weapon cannot be made of any shape at will, if it is 
to be a satisfactory weapon. Its form must be complement- 
ary to a form of the partly unclenched hand. The form of 
the hand for any type of hand weapon can be obtained by 
partly unclenching the hand. If the hand is fully clenched, 
it forms a flst, and possesses no mechanic^ parts. If It k 
slightly unclenc he d, it forms a complementary part of the 
knuckleduster, If more unclendied until the main joints and 
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palm form a llattish surface but the middle and lop joints are 
still nearly unclenched, it forms a complenicnlary part of the 
caestus. If still more unclenched and the fingers are slightly 
separated, it forms a complementary part of the baghnak 
If yet still more unclenched, il forms a complementary pan 
for a spherical stone. 

The mechanical parts cannot be made of any size at will. 
The size of each part is detemuned within limits which can 
nearly always be easily discovered. Each part is related m 
size to its human counterpart; but is seldom of the same size. 
Usually a mechanical part is larger or smaller or harder or 
sharper than its human counterpart. 

The fingers are not separately manipulated when wielding 
a hand weapon as they would be to play the piano or to use 
a typewriter. Some small movements of parts relatively to 
each other however are made during the wielding move* 
meats. The fingers tighten as the blow is being delivered, but 
the form of the hand is not much changed. The contrivance 
can bo used only for offensive purposes, and cannot be used 
for manipulative or other purposes. 

Each part of a mechanical weapon corresponds to some 
part of the fist or claws or to some part of the wrist and arm 
wielding the fist or claws. A hand weapon cannot have a 
part which does not correspond to a human part. The human 
part to which a part of a weapon corresponds can be easily 
known because, the mechanical part usutdly occupies a place 
close to its human counterpart; and resembles its human 
counterpart; and the mechanical part and the human part 
together carry out actions very similar to those formerly 
carried out by the human part alone. 

A part of a mechanical weapon may relieve its human 
counterpart of certain tasks; but the tasks must still be 
carried out m4irectly by the human counterpart. A blade of 
a h4ghnak, for example, relieves the finger of the work; of 
cording intO;<^rect contact with and directly dawing tte 
Oj^p^aqt; (bdtf tflie finger ipdirectly comes into contact with 
dnd'todiro^'Waiws the opponent through the agency of the 
-felade.' ItitWstwsitlxatho.ijart of the.iist or clx^s can hei 
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fully replaced by a mechanical part or device, and that the 
mechanical part or device is used merely as an agent to carry 
out the work of the human part. A mechanical part or device 
is used by its human counterpart m much the same way as 
soldiers are used by a general, A general is partly replaced 
by his soldiers in the work of fighting the enemy. The general 
does not personally fight the enemy, but indirectly fights the 
enemy by means of his soldiers. Each soldier is under the 
general’s orders and is directed in all his movements by the 
general through the agency of officers. The use of soldiers 
does not dispense with the need for the general, and the 
general is not less active in fighting the enemy because he 
uses soldiers; but he is reheved of certain tasks. Similarly, 
although a mechanical weapon partly replaces parts of the 
fist or claws> the use of a mechanical weapon does not 
release parts of the fist or daws from the need for workmg 
against the opponent; but parts of the fist or claws may act 
only indirectly against the opponent through the agency of 
the parts of the mechanical weapon. 

A mechanical part is an imperfect reproduction of its 
human counterpart, because the human part is only partly 
replaced, and the mechanical pail is distorted so that some 
advantage for some particular purpose may be gained. The 
distortion makes resemblance to its human counterpart more 
remote; but usually some resemblance can be seen, and often 
the resemblance is very evident. 

It IS necessary sometimes when partly replacing the fist or 
claws that parts of the wrist and arm wielding the fist or 
daws shall also be patdy replaced. If the weight of a 
mechanical part is considerably greater than the weight of 
its human coimterpart, the wrist may be unable to wield the 
contrivance easily and may need support. Support is given 
by partly replacmg some of the connections between the fiist 
or claws and the arm by mechanical devices like thongs or 
straps or a gjlove which may be stronger than the hxunah 
counterpart or coonlerparts. 

Each type of contrivance requires its own special ahd dis- 
tinefive actions and fnovements from the baidv #hil^ hej|ag 
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wieklccl; and all actions and movements of the body arc 
atlcctecl by the substitution of one type of weapon by an- 
other. The actions and movements of the body are quickest 
when the fists or claws are being wielded, for the hand is not 
weighted. If the hand is weighted, all the actions and move- 
ments of the body are slowed down, and the more the hand 
is weighted the slower and more deliberate the actions and 
movements of the body become. The actions and movements 
of the feet although slowed down when the hand is weighted 
are still related to the movements of the hands. 

Although the various hand weapons have been produced 
through attempts to replace parts of the fist or claws, 
probably those who produced them were not aware that they 
were trying to replace parts of the fist or claws. The forms 
and sizes and materials of the weapons were discovered by 
processes of trial and error. No doubt the ancient Greeks 
tried to vary the size and material of the thong of the caestus. 
They may have made it longer or stillor in the hope of being 
able to inflict harder blows. But the wielder must have found 
that the longer or stiller thong hurl or chafed his hand or 
worked loose or was unsatisfactory in some other way, and 
the longer or stificr thong would then have been discarded. 
Similarly, attempts must have been made to vary the forms 
and sizes and materials of other hand weapons until the 
most satisfactory forms and sizes and materials were 
discovered. 

The process of making and developing these weapons may 
be described as a process of mechanizing the fist and daws, 
or partly replacing human parts of the fist and daws by 
mechanical parts. It might seem to be a simple matter to 
replace parts of the fist or daws by mechanical parts, but it 
is not so. The mechameal parts must come mto harmonious 
working relationships with the offensive machinery of the 
body. The weapon may not possess any parts whii^ do not 
correspond to human parts. The actions of the mechanical 
parts must be very similar to those of their corresponding 
human parts. Human parts must be partly replaced without 
amputadon? or constriction of the hnraan parts. These and 
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other conditions must be satisfied before a satisfac- 
tory weapon can be produced. 

Considerable advantages may be gained by mechanizing 
parts of the fist or claws. Harder and sharper and heavier 
blows can be given when the fist is partly mechanized, or 
the opponent can be tom more easily when the claws are 
partly mechanized. But no advantage can be gained that is 
not accompanied by a disadvantage. Increasing the degree 
of mechanization has the effect of slowing down the move- 
ments of the bpdy because of the additional weight of the 
mechanical parts. It increases the time needed to bring the 
contrivance formed from the weapon and the hand into 
action, because of the tune required for making and fitting 
the mechanical weapon. It also produces a loss of flexibility, 
and the wielder is unable to respond so quickly and easily 
to the immediate movements of the opponent. A wielder of 
the fist responds quickly and easily to the movements of his 
opponent as is shown by the rapidly changing positions of 
the hands and feet; but the wielder of a partly mechanized 
fist has more difficulty in responding to the movements of an 
opponent as is shown by the slower and more deliberate 
movements of the hands and feet. The wielder of a mechani- 
cal weapon would seem to have an advantage over the 
wielder of the fist or claws; but he has an advantage only if 
he is allowed a start in time to find the materials for his 
weapon and to manufacture it and fit it to his hand. 

In order to discover how hand weapons originate and 
evolve it is necessary to study the complete weapons formed 
by the hand and the weapons. If hand weapons are studied 
without reference to the complementary parts formed by the 
hand, essential and main parts of the weapons will not be 
studied. If. however, they are studied with reference to ti^e 
fist or daws, it can be seen that they origmate as results of 
attempts to replace parts of the fist or daws; and that new 
types will appear and existing types develop as results of 
attempts to replace other or more parts of the fist or datys. 



Chapter 14 


OFFENSIVE MACHINES 

T he offensive machine may be defined as the machine 
formed by the body for offensive actions. The 
machine may be formed entirely by the body; but its 
parts can be given artificial extensions, in the forms of 
weapons; and when a weapon is fitted to the body, the 
offensive machine then consists of human and mechanical 
parts. 

When the bare fist is the weapon, the offensive machine is 
formed solely by the body, and all parts and devices of the 
machine are human. When a caestus, knuckleduster, boxing 
glove, or other similar type of weapon is used, the offensive 
machine consists of mechanical and human parts. Similarly, 
when the human claws form the weapon, the offensive 
machine is composed only of human parts; but when a 
weapon like a baghnak is used, it consists of mechanical and 
human parts. 

No new parts or devices ate added to the offensive machine 
when a caestus or baghnak or similar type of weapon is used, 
for, as has been explained, the mechanical parts are merely 
crude extensions of human parts. Also, no human part or 
device is replaced by any mechanical part or device, for the 
mechanical part or device and the human part or device to 
which it corresponds together form the complete part or 
device; and the mechanical extension merely relieves its 
human counterpart of the task of directly carrying out 
off^ive actions. 

Mechanization of a human part or parts distorts the 
offensive machine, with advantages for certain puiposes> 
Thusk by fitting 4 knuckleduster the knuckles qf the fist can, 
betJatffy mechanized and distorted so that heaViM aid 
fliar^ blov^p oaa be given by the knuckles acting indiieptly 
the agehq^ at their metal counterparts. Carrespbudihg 
IW 
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disadvantages, however, attend the mechanization of a 
part 01 parts of the machine. 

The offensive machme when the bare fist is the weapon 
may, foi convenience, be caEed the bare fist machme. or 
simply the fist machine. When a caestus is fitted, the machine 
may be called the caestus machme. When a baghnak or 
niickleduster is fitted, it may be called the baghnak machme 
01 the knuckleduster machine If a club, bow and arrow, or 
rifle, IS fitted, the machine may be called the dub machine 
or the bow and arrow machine or the rifle machme. accord- 
ing to the type of weapon being wielded And so on. each 
variety of the machme being described accordmg to the type 
of weapon bemg wielded. 

As has been pointed out. a multitude of different types of 
offensive machmes can be formed by the body. For example, 
one type can be formed for delivering a thrust with the fist, 
another for delivering a hammer blow with the fist, another 
for dehvering a swinging blow with the fist, another for 
delivering an upper cut with the fist, and so on. Types can 
be formed for clawing an opponent, one type being formed 
when the fingers are used in one way, others when they are 
used in other ways. When a caestus is fitted, only a few 
types of blows can be delivered, and the caestus machme 
cannot be used for clawing an opponent Conv^sely, the 
baghnak machine cannot wdl be used for giving hammer 
blows or swinging blows. It appears indeed that eadi type 
of human machine requires to be separately mechanized. 

It is true that some types of the partly mechanized machine 
can deliver a variety of types of blows. Thus the boxing 
glove machine can deliver many of the types of blows that 
can be delivered by the fist machine; but few parts of the 
offensive machme are mechamzsd by means of a modem 
boxing ^ove, and the parts that are mechanized are only 
shghtly mechamzed. If any part of die fist were more highljl 
mechamzed, the machine would become a more specialized 
machme. capable of dehvering fewer types of blows» as was 
discovered by the andent Romans when they made dte 
Caestus with a metal bar or the caestus with a Iphg sleeve. 
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The offensive machine is indeed mechanized by means of a 
modern boxing glove only to a degree sufficient to prevent 
the contestants injuring each other. 

When a mechanical weapon is being wielded, the machine 
consists of mechanical parts formed by the weapon, and 
human parts formed by the body. When a caestus or 
baghnak is being wielded parts of the fist or claws are formed 
by mechanical part^, but evidently most of the wielding 
machinery is formed by the body. 

Parts of weapons are elementary mechanical reproduc- 
tions of parts of the offensive machinery formed by the 
wielder’s body and are mechanical extensions of those parts. 
The mechanical parts, it should be understood, are not 
mechanical copies of parts of the human body, but are 
merely mechanical copies of parts of the offensive machinery 
of the body. A distinction must always be made, at least 
mentally, between parts of the body and parts of the offensive 
machinery of the body. Although, for the sake of brevity 
and convenience, in this work a part of a weapon may be 
said to be a copy of a part of the body, it should be under- 
stood that more correctly it is meant that it is a copy of a 
part of the offensive machinery. Thus, the metal claw of a 
baghnak is not a mechanical reproduction of fhc floger, but 
is merely a mechanical reproduction of the device or con- 
trivance formed by the finger for clawing an opponent. The 
human finger is, of course, much too complex an organism 
to be reproduced by such a crude device as the metal daw 
of a baghnak. The daw of a baghnak, however, serves 
sufficiently weU to reproduce the device formed by a finger 
bent to form a daw. 

It might seem an easy matter to study a mechanical 
weapon; but it is not easy to discover all the parts and 
devices even of the simplest and most primitive type of 
weapon. Thus, before being fitted a caestus may appear to 
be metdy a thong; but when the thong has been fitted, as 
has bean explained, the caestus possesses rudimentary 
mocshadical kn\^ckles, ^rudim^taiy meohanical fastenings 
^n^iqg vaiiOds .parts ijp the fist and wrist, parts arui 
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devices to combine its inner surfaces with diflerent parts of 
the skin, parts and devices to prevent movement up or down 
the hand, ventilation devices, and a host of other parts and 
devices. In previous chapters attempts were made to point 
out some of the parts and devices of a caestus, but it is im- 
probable that more than a very few of its parts and devices 
were discovered and pomted out, or that more than a few of 
the ways in which the mechanical parts and human parts 
work together were pointed out. 

Because each mechanical part of a weapon is an extension 
of a human part, a study of the parts and devices of a caestus 
or similar type of weapon gives some information about the 
parts and devices of the fist and claws. But the study does 
not durectly give information about any human parts and 
devices except those formed by the fist or claws and certain 
parts of the arm. To hold and operate the caestus, however, 
the body must provide a multitude of parts and devices which 
are not situated near the fist or claws. These other parts and 
devices are not mechanized, and much information about the 
ways m which they are formed and operated therefore can- 
not be obtained. A certain amount of general knowledge 
about them can be obtained. It can be seen that the base or 
butt of the caestus machine is formed sometimes by one foot, 
sometimes by the other foot, sometimes by both feet; that the 
stock of the machine is formed by the stock of the body; that 
the sights are formed by devices of the hands, and that the 
line from one hand to the other at the moment the blow is 
delivered gives the elevation of the blow, m much the same 
way as the axis of a gun barrel indicates the elevation at 
which the shot is fired; that the line of elevation is always 
approximately at ri^t angles to the axis of the stock, oi in 
other words that the line joining the hands always tends to 
be at right angles to the stock of the body, the body leaning 
backwards or forwards as the devation is increased or 
decreased; that the movements of the feet are related to those 
of the hands; and so on. But although a mass of such 
general observations could easily be obtained, the observa- 
tions would be unrelated and would not be of rtiuch hdp m 
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giving an undciblanding ol the construction and working of 
the human offensive machinery. Only wiicn human parts arc 
partly mechanked can the human parts be elfcetively studied. 
Often, indeed, it is difficult to realize a human part exists 
until it has been partly mechanized and externalized. 

It may be helpful to anticipate certain facts and results 
which will be substantiated later in this work, so that it can 
be shown how after a study of types of weapons other than 
the caestus, some understandmg can be obtained of the way 
in which the body of the wielder of a caestus forms the 
machinery for widding it. 

Mechanical parts of the rifle mach in e are formed by the 
parts of the rifle, and human parts by the wielder’s body. A 
rifle possesses a considerable number of parts, among them 
a stock, butt, heel-plate, barrel, front sight, rear si^t, bolt, 
trigger, trigger spring, and magazine cover. It will be shown 
later that all these parts have human counterparts, and are 
merely mechanical copies and extensions of parts of the 
offensive machinery of the human body. Less difliculty will 
indeed be found in showing that parts of a rifle are mechani- 
cal embryos of parts of the offensive machinery of the body 
than in showing that parts of less complex weapons like 
spears, dubs, and knuckledusters, are mechanical embryos of 
parts of the human offensive machinery. 

Although a rifle perhaps has more parts than a caestus or 
.knuckleduster, yet many and indeed most of the parts of the 
offensive machine that are mechanized by means of a caestus 
or knuckleduster are not mechanized by means of parts of a 
rifle. Thus, for example, the skin of the fist is not mechan- 
ized by means of parts of a rifle as it is by means of the glove 
of a caestus. Or again, the human fastenings which connect 
the wrist fmd arm are not mechanized by means of parts of 
a pifle, for the rifle is not boimd or tied or attached to the 
hand by mcohstnical fastenings after the manner of a caestus, 
.and. most qf fastenings which hold a rifle to the body are 
fprmsct by iiibthatt par^ and devices. In many ways thde- 
i$ ie^ hi^ meohamzed than the 
91:' knuckldddster machme. ,But> 
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the other hand, many parts of the wielder’s body which are 
not mechanized by a caestus, boxing glove, or knuckleduster, 
are mechanized by the rifle. Thus, for example, the stock, 
the butt, the heel-plate, the barrel, and the front and back 
eights, are partly mechanized in the rifle machine, but these 
parts in the caestus machine are formed only by human 
parts. 

A weapon cannot be made whose parts are not mechanical 
copies of parts of the oflCensive machmery of the body, nor 
indeed can any weapon have any part that is not a copy of 
some part of the body. It is true some sort of weapon might 
be made, some of whose parts might have little or no corre- 
spondences to human parts. Such a weapon, however, could 
not come mto general use. and could not be developed. In 
other words weapons cannot be mvented, and no type of 
weapon has been or ever will be mvented. Weapons can be 
made and be developed only by mechtamzing parts of the 
human machinery, and weapons are parts of the offensive 
machinery which exist outside the body. 

The maker of a weapon who fitted a part to it which did 
not correspond to some part of the wielder’s body would be 
like, say, a tailor who made a coat with three sleeves. A 
tailor who persisted in inventmg parts for a garment which 
had no human counterparts would soon go out of business; 
and It can be said that coats cannot be made with three 
sleeves, that is so that people will buy and wear them. In 
the same sense it can be said no part of a weapon can be 
invented, that is so that it will come into general use and be 
capable of development 

It follows that because parts of a Weapon are merely ex- 
tensions of parts of the human offensive machmery, the 
number of parts of the offensive machine cannot be increased 
or decreased. Therefore the number of parts and devices of 
the caestus machine or knuckleduster machine or boiting 
machme must be the same as the number of parts and d^vipes 
of. say, the rifle machine or shot gun machine. If then a ipavt 
or device of one type of machine can be tecogni^d? 0^01 
at once be )cnown that every offier type of rns|;C|i^.jl^$e^ses 
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this part or device, either in human or in partly mechanical 
form. Thus, for example, since it is known that a rifle has 
a stock, it can at once be known that the caestus machine 
has a stock. The stock of the caestus machine however is 
not mechanized, and is formed wholly by the trunk or stock 
of the wielder’s body. How the body forms a stock for the 
caestus machine cannot be known, except in a general way. 
from direct examination of the caestus machine; but certain 
facts about it can be known when the stock of the rifle 
machine has been studied. Or again, since it is known that 
a rifle has a rifled barrel, it can be known that the knuckle> 
duster, boxing, and caestus machines, have rifled barrels. 
The ways the barrels of these machines are formed and the 
ways in which their barrels are rifled will be explained later. 

After a study of various machines like the rifle and shot 
gun machines in which parts formed by the body and arms 
and legs are mechanized, the caestus machine can be studied 
again, and some information about the ways in which the 
body forms the wielding machinery can then be obtained. 
Still anticipating some later results, a simple example may 
help to aiustrate this. It is not easy to know how the wielder 
of a caestus aims his blow. But in certain types of crossbow 
machines a back sight is formed by the knuckle of the thumb 
of the right hand, and the crossbowman aims by looking over 
the top of the knuckle towards the front sight. The use of a 
knuckle of the fist as a back sight suggests, indeed reveals, 
that in all varieties of the offensive machine, the sights are 
formed by the knuckles or by mechanical extensions of them. 
Therefore it can be known that when a blow is given by a 
fist or caestus, the direction of the blow is along file line 
joining the knuckles of the hands. When the method of 
sighting is recognized, it becomes obvious fiiat a blow from 
a fist or caeStus cannot be given otherwise than along a 
straight line from one hand to the other, for a line can always 
be taken from one hand to the Other towards the point of 
the blow, since one hand must be in contact with the opj)on> 
ent when the blow is given. 

Again, as another sirnffie example, a study of the bow 
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arrow or rifle machine at once shows that elevation and 
depression for the coming shot are obtained by raising or 
lowering the left hand. Therefore it can at once be known 
that elevation and depression are obtained, say by a boxer, 
by raising or lowering the forward hand. Thus, if he intends 
to hh the opponent higher, he elevates the line joining the 
hands, and conversely if he intends to deliver the blow lower, 
he depresses this line. At any moment, the line joining the 
hands gives the elevation of the intended blow. The frequent 
and rapid changes of the angle of elevation reveal the fre- 
quent and rapid changes of intention of the boxer with regard 
to the direction of an intended blow or parry. 

It may here be pointed out that the parts of the elevating 
and depressing machinery of the rifle machine are not 
mechanized; and the elevating and depressing movements are 
performed by human mechanisms of the rifleman’s body. 
The elevating and depressing machinery is slightly mechan- 
ized in some gun machines, for example in the field gun 
machine, the siege gun machine, and the naval gun machine, 
for the barrels of these weapons are not elevated or depressed 
by human mechanisms; and great guns have certain mechani- 
cal contrivances to assist in elevating and depressing the 
barrels. Indirectly and primarily, of course, the barrels are 
elevated and depressed by the gunners. No offensive machine 
can be devised that will elevate and depress itself without 
human mechanisms. Mechanical or electrical contrivances 
which might seem to dispense vnth the need for human 
mechanisms, are mechanical reproductions and extensions of 
the human elevating and depressing mechanisms as used say 
when a caestus or rifle is being widded. Even if, suppose, 
the human mechanisms were extended to such a degree that 
a gutmer was able to elevate or depress the barrel of a gun 
by pressing a button, the electrical and other mechanisms 
which would elevate and depress the barrel would be found 
after studying them to be merely mechanical extensions of 
mechanisms of the gunner’s body. That this is so is obvious 
from the fact that if they wore not extensions of mechanisms 
of his body, when he pressed the button noffdng could 
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happen, and his intentions could not be transmitted into 
action. 

Since each part or device of a mechanical weapon is a 
mechanical reproduction of some part or device of the 
wielder’s body, it is necessary when studying weapons to be 
able to know as soon as possible to which part or device of 
the human machine a mechanical part or device corresponds. 
Often it is possible at once to identify corresponding human 
and mechanical parts, because of resemblances of shapes or 
materials. Thus, it can at once be known that the sleeve of 
a Roman caestus corresponds to the skin of the wielder’s 
arm, for the shape of the sleeve is very similar to the shape 
of the skin of the arm. Also, the materials of the hxunan 
skin and of the sleeve are very similar. Or again, the glove 
of a caestus obviously corresponds to the skin of the hand 
and wrist, as can be seen from resemblances of shapes and 
materials. 

Correspondence can be deduced in very many cases 
because the mechanical part is dose to its human counter' 
part. Thus, the glove of a caestus lies over the skin of the 
hand and wrist, and it follows that the skin of the glove 
corresponds to the skin of the hand and wrist. The metal 
knuckles of a knuckleduster not only have some remote 
resemblances to the mam human knuckles,^ but lie over them, 
and therefore must be extensions of them. The metal claw of 
a baghnak not only somewhat resembles the claw formed by 
a finger, but also lies along and immddiately under a finger, 
and must therefore conespond to the daw device formed by 
that finger. 

The way in which parts of a glove correspond to parts of 
the skin and to the knuckles, creases, and other parts and 
devices of the hand or fisL can be well understood by 
examining an Ordinary kid glove such as one wears every 
day. The ^ove fits the hand and fingers fairly dosdy. After 
being worn for some time, correspondences of vaidouS parts 
of the glove to parts of the skin become still more evident, 
for many of the creases of the. skin of the palm and insides ofl 
the finger joints and ^Pthmiitpaitist of 'the liand .bec^ih^ 
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faithfully reproduced by the ^ove Each part of the glove 
corresponds to the part of the skin over which it lies, and 
each device of the glove is near us corresponding human 
device. Thus, the fork of the thumb of the glove lies dose 
to the fork of the thumb and corresponds to it; the crease 
device at the inside of the middle knuckle of the forefinger 
of the glove which helps to allow the forefinger of the glove 
to bend lies dose to the crease at the inside of the middle 
knuckle of the forefinger of the hand which helps to allow 
the human forefinger to bend and corresponds to it; and so 
on for a multitude of other parts and devices. When the 
hand is denched, the exterior of the glove takes the form of 
the exterior surface of a fist; and many of the features of the 
human fist are fairly dosely reproduced by the glove. Ideally, 
a glove should be made for the hand that is to wear it; but 
usually the buyer of a glove takes some trouble when buying 
it to see that it fits fairly closely, that is, to see that its 
various parts and devices will after some use come into fairly 
close correspondences with the human parts and devices of 
the hand and fingers. 

A study of the parts and devices of a glove has never been 
made. E it were made, it would be found the number of 
parts and devices was very large, and perhaps a complete hst 
of them could not be made. If also a study were made of 
the parts and devices of shoes, boots, stockings, and other 
wearing apparel, it would be found that the rules which 
describe the processes by which weapons originate and 
develop would also describe those by which wearing apparel 
originates and develops; and much new knowledge would 
be obtained about clothes and the clothing machinery of the 
body. It IS, of course, because the clothing machinery of the 
body does not operate sufficiently weU to clothe the human 
body with han, wool, fur, or offiw type of covering, as it 
does so well for animals and other creatures, that it is 
necessary for man to devise artificial or mechanical exten- 
sions of the dothing machjnery of his body. However, a 
study of dothes cannot be undertaken in this work. 

The human part or device to which any meohamcal part or 
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device of a weapon corresponds can also be known because 
of similarities of actions of human and mechanical parts or 
devices. Thus, for example, it can at once be known the 
thumb of the glove of a caestus corresponds to and is an 
artificial extension of the skin of the thumb, because the 
human thumb and the thumb of the glove always move 
similarly, and the skin of the thumb and the thumb of the 
glove cannot have different movements. Or, as another 
example, that the middle knuckle of the forefinger of the 
glove corresponds to the skin of the middle knuckle of the 
forefinger, because both have similar movements; and when 
the knuckle of the glove hits the opponent, the human 
knuckle is behind it and mdirectly and primarily gives the 
blow. The metal claw of a baghnak corresponds to and is a 
mechanical extension of the daw device formed by the finger 
lying over it. because the metal claw and the human claw 
have similar actions. And so on, in a host of other cases. 

Often corresponding human and mechanical parts can bo 
identified because the parts of a weapon are usually in the 
same relative positions with respect to each other as corre- 
sponding parts of the body. Thus the parts of a rifle, shot 
gun, or crossbow, are nearly all in the same relative positions 
as corresponding parts of the widder’s body; and if a rifle, 
shot gun, or crossbow, is placed upright and its parts are 
compared with parts of the body, the part of the body to 
which any part of the weapon corresponds can at once be 
identified. Thus, it will be shown later, the heel-plate corre- 
sponds to anti is a mechanical reproduction of the sole of the 
wielder’s foot, the butt of the weapon corresponds to the butt 
of the body, or contrivance formed by the legs of the wielder; 
the stock of the weapon corresponds to the stock of the body; 
and so on. A glance at the crossbows shown in Figures 39, 
54 will qmckly allow the reader to identify corresponding 
mechanical and human parts. 

It wiU be useful to have the above observations on the 
' ways of recognizing corresponding human find mechanical 
parts, and certain dhseiTVattons about the ways in which parts 
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become mechanized, in the form of rules, by the application 
of which the study of weapons can be facilitated. 

Rule 1. A part of a mechanical weapon corresponds to 
some part of the offensive machinery of Ae body, and is an 
elementary copy of it 

Rule 2. A complete part of the offensive machine may 
be formed by a human part, or by a human part and its 
mechanical counterpart 

Rule 3. A mechanical part originates as an extension of 
a human part. 

Rule 4. The actions of a mechanical part or device are 
sunilar to and extensions of those of its human counter- 
part 

Rule S. The mechanical part releases its human counter- 
part from the task of directly acting against the opponent. 

Rule 6. Advantages gained by mechanizing a part of the 
machine are accompanied by corresponding disadvantages. 

Rule 7. A part or device can be transferred to another 
part in contact with it 

Rule 8. A mechanical part may be transferred from one 
end of a part to the opposite end. 

Rule 9. An action may be transferred from the begm- 
ning to the end of a movement 

Rule 10. A part or an action of one machine may be 
turned through a right angle in another variety of the 
machine. 

Rule 11. A part or an action of a part may be revesrsed 
in another variety of the machine. 

Rule 12. The reproductive machinery of the body is 
mechanized simultaneously with the offensive machinery, and 
to the same degree. 


9 
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THE CLUB 

A CLUB with a roundish head often has some 
resemblances to a hst at the end of an aim. Such a 
^dub is mdeed a crude mechanical reproduction of a 
hst and arm. 

The club machine consists of human and mechanical parts. 
Most of the parts of the machine are formed by the body. 
All the machinery which wields the dub is human and 
formed only by the body. But the arm and fist of the 
machine are formed partly by the dub. If a one handed 
club with a roundish head is being wielded, the wielder’s arm 
is given an artificial extension by means of the handle, and 
the fist is given an artifidal extension by means of the head 
of the dub. The handle forms a mechanical coimterpart 
of the arm, and the head a mechanical counterpart of the 
fist. 

The head of the dub corresponds to the fist, and the 
handle to the arm. It can be seen at once, by the applica* 
tion of the Rules, that the head of the dub corresponds to 
the fist and its handle to the arm; for the head has a rudi- 
mentary resemblance to a fist and the handle to an arm. and 
the head and handle together somewhat resemble a fist at the 
end of an arm (Rule 1); and the movements and actions of 
the head and handle together somewhat resemble those of a 
fist and atm (Rule 4). Indeed the movements and actions 
of the head of the club are at all time§ similar to those of 
the {lartly.dehched fist formed by the hand which holds the 
club, and Ibose of the handle are similar to those of the 
wielding atm. 

The hand as it grasps the handle of a club has the form 
of a partly cletocdied fist, thd degree to which it is clenched 
(djepen^ifig inaloly oh the gitth of the grip of the club< When 
*^'dhb is s4y. a thJh tane, such as at one tipie was 
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much used for bitlmg schoolboys, the hand is very little 
unclenched, and differs little m form from that of the bare fist. 
The complete fist of the club machine is formed partly by 
the fist at the grip and partly by the head of the club (Rule 
2); and is in two main parts, one part bemg human and the 
other artificial. 

The head of the club is closely related to the fist at the 
gnp, for, the type of blow given by the head of a dub is a 
type of blow that can be given by a fist; and the head of the 
dub and the fist at the other end of the handle necessarily 
have similar movements and actions, and indeed cannot have 
dissimilar ones, for the hand and head are rigidly connected 
by the handle. Thus, if the hand is raised or lowered, the 
head of the club is raised or lowered similarly; if the hand 
is brought back or pushed forward the head of the dub is 
brought back or pushed forward; if the head is stopped sud> 
denly by coming into contact with the opponent, the hand is 
stopped suddenly at the same mstant; and so on. The head 
of the club, therefore, it can be seen, is closely related to the 
fist at the gnp. 

The opponent is directly hit by the artifidal part of the 
fist only, that is. by the head of the club and not by the hand 
as well; and the human part of the fist is released from the 
task of directly infiicting the blow and from the need for 
directly coming into contact with the opponent (Rule 5). 
Indirectly and primarily, of course, the blow is given by the 
human part of the fist; for the head of the dub cannot tak;e 
any action against an opponent by itself, and must be moved 
by Its hmnan counterpart. 

The actions and movements of die human part of the fist 
are behind those of its artificial counterpart, and the actions 
and movements of the head of the dub are merely extensions 
of those of the hand at the grip. Thus, for example, if the 
hand is swung round the body, the head of the dnb swings 
round the body in a shni}ar direction and describes a curve 
larger than but similar to t^at described by the band, the 
cuter curve described by the bead being a magp^di edpy of 
(he^swiajiler one desoclbed by the hand, Xo douhty a 
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club IS inexpertly wielded or is not well proportioned in its 
parts, the curves described by the head and hand aie not 
always exactly similar or perhaps even approximately so. 
But the more expert the wielder, probably the more closely 
does the outer curve copy the inner one. According to Rule 
4, mdeed, the actions and movements of any part of any 
mechanical weapon and those of its human counterpart are 
similar. 

A club cannot take any action agamst an opponent unless 
It IS moved and operated by a wielder. Left to itself it will 
remam where it is. and moulder into dust or rust. Nobody 
has ever been hit by a club, or other weapon. It is the 
wielder of the club or other weapon who hits the person, as is 
recognized in a court of law. Judge, jury, and all others m 
court, accept as an obvious fact that an mjury done to a 
person through the agency of a weapon is primarily caused 
by the wielder who is fidly responsible for its actions and 
movements The theory on which this work is based, viz. 
that parts of weapons are merely extensions of parts of the 
wiclder’s body and merely allow his actions and movements 
to be extended, can thus be seen to be neither original nor 
revolutionary. 

The head of the club is not close to its human counterpart, 
for the reason that it is in a transferred position, having been 
transferred from the hand at the gup to the end of the handle 
opposite the gup, in accordance with Rule 8, which says a 
part or device of a weapon can be transferred from one end 
of a part of the machme to the other: and the mechanical 
part of the fist has been so transferred that it is separated 
from Its human counterpart by the length of the handle of 
the club. 

The fact that the head of a club is separated from its 
human counterpart reveals that it is not the earliest mechani- 
cal form of the fist. According to Rule 3, the mechanical 
fist must have originated close to the human fist as an 
artificial extension of it. Primitive types of the mechanical 
fist can be seep in the caestus, modern boxing glove, and 
knuckleduster, and stone held in the band for clubbing an 
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opponent. These weapons, as has been shown, are forms of 
the fist, in the first stages of emergence as mechanical exten- 
sions of the fist. 

The mechanical part of the fist of the club machine is not 
always fully transferred. Indeed very often part of it is left 
near the hand, to allow the hand to obtain a better grip or to 
pievent the weapon slipping from the hand. The untrans- 
ferred pan often takes the form of a swelling or knob or rim. 
It can be well seen in Figures 10. 11, 12, 13, 19 Probably, 
in some cases, the proportion of the fist that can be trans- 
ferred IS governed to some extent by the need for correctly 
balancing the club. 

The mechanical part of the fist is not transferred at all in 
some types of tools and Instruments and weapons. Thus, a 
kitchen poker often consists of an iron knob at the end of 
an iron rod. To stir the fire the knob is held m the fist and 
the end of the rod is pushed among the coals. The knob and 
the hand around it form the fist of the implement, and the 
iron rod forms an extension for the forearm. The knob is a 
crude mechanical reproduction of the fist as is shown by its 
being held in the fist (Rule 7), by its shape which somewhat 
resembles a fist (Rule 1); and so on. No part of the fist is 
transferred to the end which stirs the fire, for this part does 
not end in a knob or rim but usually ends in a point When 
a walkmg-sbck has a knob for its head, the knob is held 
within the human fist, and is not transferred to the end which 
makes contact with the ground. If it were used as a weapon, 
it could be used cither by leaving the head untransferred or 
by transf^ring it That is. the wielder could retain the knob 
in his hand and hit or thrust at the opponent with the other 
end; or he could grasp the stick at the other end and turn 
it into a dub-with a knobbed end. The process of transfei!- 
ence would then be seen. The knob, or mechanical part of 
the fist would go to the end of the handle opposite the hand 
(Rule 8). and the direction of the stick would be reversed 
(Rule 11). The kitchen poker could shnilariy be reversed, 
so that the mechanical fist, formed by the iron khoB, cottld 
be used tp break large lump of coal; ^ hs th&.,p<»ker 
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was reversed its head would be transferred to the end of the 
poker opposite the hand. 

Saucepans, fiying-pans, tennis rackets, cricket bats, hockey 
sticks, and many other tools and implements, often have 
knobs or runs more or less prominently formed at the ends 
of their handles; the knobs or runs being mechanical parts 
of the fist not transferred away from the fist which holds the 
tool or implement. 

When a club has no knob, nm, or similar type of device, 
at the end of the grip, it seems the mechamcal part of the 
fist IS fully transferred Thus, the dub in Figure 9 has no 
knob at the grip, and the mechamcal part of the fist is fully 
transferred. 

The mechanical or artificial part of the fist when trans- 
ferred to the end of the handle opposite the hand can be 
considerably distorted, for it is then freed from many of the 
conditions preventing distortion which are imposed when it 
is not in a transferred position and is held directly by the 
hand. Limits are set to the size of a roundish stone held m 
the hand and used as a club, for if the stone is too large it 
cannot be held, and if too small cannot be effectively used as 
a dub. The head of a dub is indeed often distorted to such 
an extent that resemblance of shape and size to the shape 
and size of the human fist can sometimes hardly be seen. 

The head of a club can be made harder and heavier than 
the fist, and harder and heavier blows can be given by the 
head than can be given by the hare fist. Conversely, the 
head can be made lighter, and a blow having consid^able 
vdOcity as a result of die extra leverage allowed by the use 
of the handle cah then be delivered. Thus, when a hj^t cane 
IS u$ed, part of the cane automatically forms an extension for 
the wielding arm, but the head being merely the part of the 
oane that hits the oppohent and being very light can be given 
considerable vdbdtyj but although the blow will be ll^t it 
may he sh^tp and may even cut By tnaking the head of a 
dub of hop ot st^eJ, a mace of othm: type of dub can be 
formed, wiftfewinsh, toe mah armour of an opponent oan he 
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A club wilh a wooden head or one consisting of a cane oi 
straight stick is almost useless against an opponent in sled 
armour. A type of club for use against kmghts in armour 
IS the mace, whose head sometimes consists of a heavy metal 
ball. With this type of club the sted armour can sometimes 
be smashed or damaged. The kmght’s armour is an artificial 
and mechanical reproduction and extension of his skin, 
which relieves his skm of the need for directly receiving the 
blow or thrust of an opponent, unless the blow or thrust is 
so heavy or keen that it breaks or pierces the artificial skm. 
A study of armoui lies outside the scope of this work; but 
It can be pointed out that the ways in which armour originates 
and develops can easily and quickly be known by usmg the 
methods of this work, and with the hdp of rules similar to 
those given for weapons 

The arm of the club machme is in two mam parts, a human 
part being formed by the wtelder’s atm and a mechanical 
part by the handle of the club. The hard parts are formed 
partly by the wieldmg arm and partly by the handle; but the 
soft or flexible parts only by the wieldmg atm, lor the handle 
has no soft or flexible parts, and Iher^ore can be a repro- 
duction or extension only of the hard parts of the wieldmg 
arm. The handle forms an artificial extension for the 
wieldmg arm, and the length of the arm of the machme is 
equal to the length of the human and artificial parts together, 
the artificial part being placed m a Ime, or end to end, with 
the human part (Rule 3). The handle of a dub thus differs 
from, say, the sleeve of a caestus, which is a mechanical 
reproduction of soft parts, mainly of the skin, of the wieldmg 
arm and. lies alongside the wielding arm. Parts of the sleeve 
of the caestus are dose to their human counterparts, overly- 
ing them: but parts of the handle of a dub extend outward 
from the wielding arm as an extension. 

Comparing the girths of parts of the arm and hahdl^ j;t 
can be seen that usually tbe handle is reversed compared v^th 
the atm. The atm increases in ^th, very itregohurffy, 

t e Wrist to the dhow or ahoddet, but ii(sUa#,t(e‘h^6 
Otfcases lu Itom the grip to the 



136 


MECHANICAL BIOLOGY 


of some clubs are thinner near their heads, the handles of 
some varieties therefore being reversed compared with those 
of other varieties (Rule 11). 

The lengths of the handles of clubs are probably related to 
the lengths of the forearm, whole arm, both arms end to 
end. or both arms side by side, as can usually be seen from 
the methods of wielding the clubs. A club with a short 
handle Is usually wielded mainly with movements and actions 
of the forearm, thus revealing it is related especially to the 
forearm (Rule 4). The handles of clubs which are wielded 
with movements of the whole arm correspond to the whole 
arm, and are related in lengths to the lengths of the forearm 
and upper arm together. Qubs with very long handles 
usually are wielded with both hands, and their handles corre- 
spond to both arms, or parts of both arms, placed end to 
end. Clubs with stout and heavy handles which require to 
be wielded with both hands have handles which correspond 
to the contrivance formed by both arms placed side by side. 
But the weight and shape and size and materials of the head 
afiect the length of a handle, for head and handle must 
balance well, and distortion of the bead may also prevent 
close correspondence between the length of &e handle and 
the length of its human counterpart. 

A short, heavy club wielded by both bands is really a 
doubled weapon. The maker does not make two handles, 
each corresponding to an arm, and provide two heads each 
corresponding to a fist, and try and tie them together to form 
one handle and one head. Instead he makes a thick handle 
from about the same amount of material as would 1 m needed 
to make two single handed dub handles, and similarly makes 
one large head equal to about twice the size of a head that 
would be needed for a one handed club. For example, the 
maker of a double handed metal mace, instead of making 
two shafts and welding or tying them together uses the 
material to make one thick shaft, and instead of making two 
heads makes one latge one. A short ^nd heavy double 
jbanded club tl^erefore Ijas a handle which corresponds to the 
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contrivance formed by both arms, and a head which corre- 
sponds to both fists. 

The hand and fingers as they grasp the handle form a 
contrivance to contain and hold the handle, and the contriv- 
ance takes the shape of the handle. If the grip is cylindrical, 
the hand and fingers become deformed to its shape as they 
grasp it, and automatically parts of a cylinder are reproduced 
by the insides of the fingers and palm where they are in 
contact with it; and the human parts of the cylinder and the 
handle fit very closely. But whatever the shape of the grip, 
the form of its surface wiU necessarily and automatically be 
reproduced in the skin and fiesfa of the hand and fingers, so 
that a close fit of hand and fingers and handle is made. 

The fastenings which hold the hand and handle together 
are partly human and partly artificial. It is difficult, in the 
club machine, to distinguish the cylindrical pouch or barrel 
contrivance formed by the hand and fingers from the clasp 
contrivances formed also by the hand and fingers; but in a 
general way it can be said the fingers form human clasps to 
surround or partly surround the grip; and the creases on the 
interior of the lingers, and the grooves between the fingers 
act somewhat after the manner of treads of rubber tyres of 
vehicles to help to prevent the handle slipping from the hand. 
Friction is exerted between the interior surface of the pouch 
and the exterior surface of the grip, the amount depending 
mainly on the nature and materials of the surface of the grip 
and the pressure of the hand. Projections on the surface of 
the grip make depressions in the flesh of the band and fingers 
and fit into them; and the flesh presses into depressions in 
the grip and fits into them: and catches and oflier devices 
are automatically and quickly formed by projections and 
depressions to help to join the hand and handle. 

The human fist is joined to the wrist by very complicated 
fastenings, formed by sinews, tendons, veins, skin, and other 
components. The head of the dub is also joined to its handle 
by fastenings, which however ate usually of a very Simple 
and primitive type, which imitate their human coimteij^firts 
Ohly^ very renifitely. When a clnt( is made fepni a 
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of matmal, say wood, iho fastenings which join the head and 
handle aio in a very elementary stage of development; and 
correspondence to the human fastenings which join the 
wielding arm and fist cannot easily be seen. But when the 
head is made separately from the handle and is joined to it 
by thongs or other devices, some rudimentary correspond- 
ences begin to become evident. If the fastenings are of 
leather or skin, correspondences of materials to some of the 
materials of the human counterparts become more evident, 
for the fastenings which jom the wrist and arm are partly 
formed of skin. In any well made club, thong fastenings are 
not arbitrarily arranged according to the maker’s whims and 
fancies, but are arranged as his experience and the experi- 
ences often of many generations of club makers before his 
time have taught him are the best for that particular type of 
club; and therefore there is likely to be some correspondence 
between the arrangements of the human and mechanical 
fastenings. Anatomical dissection of the human and 
mechanical fastenings would not necessarily prove either that 
correspondence of arrangements exists or does not exist; for 
the mechanical fastenings are probably in too primitive a 
stage of development for correspondence of arrangements to 
the human fastenings to be seen. Also, the mechanical 
fastenings do not correspond to the human wrist fastenings 
formed by the body to join the hand and arm but to the 
fastenings formed by the body to join the hand and wrist for 
the wielding of a weapon. 

Just before the fist delivers a blow the wrist is firmly set, 
and fist and forearm become rigidly connected. But during 
the wielding movements the wrist is more relaxed, and the 
fist and arm may have some relative movements. Tho heads 
of most clubs are rigidly joined to their handles at all times. 


of the handles. The heads of some types of clubs, l^o^yever. 
notibly war fiails (JFigwe IS), morning stars, and holy water 
aprinklets. whioh are Joihed to theh? s^iafts by thongs or 
chains, do i^^at^velj' to thefr hnhjUos-' ^ < 

Flexible c^m^fooe^s Of the<Wi^ding[<arin1are 
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given mechanical extensions by means of the thongs or 
chains of war flails and similar types of weapons. When the 
weapon has a stifl shaft and a thong with a roundish object 
at the end, the shaft is an extension of the hard components 
of the wielding arm and the thong an extension of the flexible 
components. The head, of course, is an extension of the 
flst The fist is successively transferred, from the human fist 
at the grip to the end of the shaft, and then to the end of the 
thong opposite the shaft. The thong does not extend directly 
from the wielding arm, but is transferred to the end of the 
shaft, and extends from the shaft. War flails and similar 
types of weapons, although popular at one time, have never 
been as much used as dubs with rigid handles; and it seems 
that the rigid and flexible components of the wielding arm 
cannot very satisfactorily be mechanized and externalized by 
being placed end to end as extensions of the wielding arm, 
with the fist partly transferred to the end of the thong. 

The thong of a war flail when made of hide or leather has 
some correspondence of materials to the materials of the 
flexible components of the arm; but when the flexible exten- 
sion is formed by a chain {Figure IS), correspondence of 
materials is remote, but some correspondence between the 
movements of the chain and those of the arm can be seen. 

The handles of some dubs are provided with a thong in 
the shape of a loop, which loosely surrounds the wrist, and 
prevents the weapon being knocked away, or allows it to be 
carried conveniently ready for use (see Figures 11 and IS), 
From the position of the thong, it is evident it corresponds to 
fastenings connecting the fist and arm which have not been 
transferred away from the wrist with the fastenings whidb 
join the head to the handle, if there are any. They also 
cQttespond to the part of the thong of a caestus bound round 
the wrist and to the t£^ of a boxing ^ove. 

At the moment a club hits an opponent usually the atm 
and handle are about in the same straight line. At the b^|iin-' 
ning of the delivery of the blow, however, the handle maj^ be 
ajiiout at ri^t adgles to the arm. The w|ist acts ^ 

^hi^, and the handle oah be tfimpd through 
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angle from the line of the arm. As a blow is being delivered 
therefore usually the handle is turned approximately through 
a right angle, the turning through a right angle being per- 
formed as quickly as possible. The handle is turned through 
a right angle in accordance with Rule 10. Often, as will be 
seen later, mechanical parts in one type of machine are 
turned through a right angle compared with their positions 
in other machines, and may be set permanently in those 
positions, or always held in those positions. To anticipate, 
two simple examples will be given to illustrate tins turning of 
parts through a right angle. The bow and strings of the bow 
and arrow machine are nearly always held in a vertical plane, 
but the bow and strings of the crossbow machine are held in 
a horizontal plane. The bow and strings of the crossbow 
machine, therefore, compared with those of the bow and 
arrow machine are turned through a right an^e. Again, the 
plane of the forefinger of the rifleman as he pulls the trigger 
is at ri^t an^es to the plane containing the trigger, which it 
will be explained later is a mechanical extension of the 
device formed by the forefinger, and the trigger is turned 
through a right angle compared with the forefinger device. 

No part of the club replaces any human part The fist of 
the club machine is formed by the head and by the fist at 
the grip; and flie fist and head must perform similar move- 
ments and actions. The handle of the machine is formed by 
the handle of the club and by the wielding arm, which work 
together to wield the composite fist It will become apparent, 
as this work proceeds, if it has not already become apparent, 
that no part of any weapon can replace any part of the 
human offensive machine, and that a part of a weapon acts 
merely as an extension of its human counterpart and allows 
the actions of the human part to he extended (Rules 3 and 4) 

Advantages for special purposes can be gained by fitting a 
dub to the winder’s body. Because the arm of the machine 
is provided with an artificial extension, the range of the 
wieldec of a dub is greater than fliat of the wielder of a bare 
fist, and the opponent oap he hit when at a greater distance. 
Greater leverage cap bp ^eitorted on the artifidal part of the 
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fist by the handle and arm than on the bare fist by the arm 
alone; and the head of a club can be given greater velocity 
than the fist when a hammer or swinging type of blow is 
given. But the advantage of greater leverage is not obtamed 
if a straight tlirust is given by a club; and thrusting dubs, 
perhaps for this reason, are comparatively rare. Since the 
artificial part of the fist alone comes into contact with the 
opponent, the human part is saved from damage. These and 
other advantages are accompanied by corresponding disad- 
vantages (Rule 6). The club must be manufactured, and be 
fitted to the hand. More time is therefore needed to bring 
the club machine into action than the fist machine. The club 
may be mislaid and not be available when wanted. When 
being used it may fall from the hand and the wielder be dis- 
armed. The movements of the wielder are slower and more 
deliberate than those of the widder of a fist, and the oppon- 
ent can more easily see the preparations for a blow and avoid 
it than when the fist is the weapon. If the wielder of a club 
misses his opponent, he is longer m recovering for the next 
blow. He cannot respond so easily and quickly to the 
movements of his opponent. And so on. There is no evidence 
to show that the use of a club, or indeed of any other type 
of mechanical weapon, gives any absolute advantage, that is 
an advantage unaccompanied by a corresponding disadvan- 
tage, over the wielder of a fist or other human weapon. 

In the above .discussion of the dub machine it has been 
assumed the head of the club is roundish in shape; but the 
heads of many dubs are not even approximately spherical. 
When the head is roundish, it is fairly obviously a crude 
mechanical representation of the fist. But a fiattish head 
cannot be a mechanical representation of the fist, even allow- 
mg for considerable distortion. A dub with a fiattish head 
is probably a mechanical representation and extensipn ofithe 
weapon that can be formed by the fiat hand with fihgjsrs 
closed. Like the human weapon, it can be used to give qfither 
a blow with the flat surface, which would hC- a Wnd of smack, 
or a blow With the edge whidi would, tend to be a cuttinj^lilbw. 
A thrust could also be given with the po^ 6 ^ efidl 
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Some clubs do uot possess a defined head. Such clubs 
perhaps correspond to the weapon that could be formed by 
the arm, the fist or hand not coming into contact with the 
opponent. Such a weapon gives a slashing or cutting blow. 
A cane or stick without a head is this type of club. 

It is possible, although the author is unable to state this 
definitely, that some clubs, like the New Zealand patu, are 
mechanical extensions of the arm and shoulder. The ^oul> 
der is seldom used as a weapon in warfare, but is much used 
in some games, as for example, in Rugby football, in which 
players m the scrum push their opponents with the shoulders 
and arms. 

Some special types of clubs will now be examined, and 
attempts made to discover corresponding mechanical and 
human parts. 

1. A stick with a kmbbed end {Figure 9). 

The stick is held at about A, and this part therefore fortps 
the grip. When the grip is of small girth, the hand is nea4y 
fully clenched, and the fist is almost fully formed. If the 
grip is larger, the fist is correspondin^y Iqss 
clenched and more open. The grip fits into apd 
fills the barrel, or hollow, of the fist; and 
lies across the palm, at right angles to its length. 

The handle is formed by the part of the stick 
between A and C, and gives the wielding arm 
an artificial extension. The position of the grip 
and the length of the handle can be varied by 
grasping the stick higher up or lower down; and 
the length of the handle depends on where the 
grip is formed, 

The knob at B forms the head. The head 
is a crude artificial or mechanical leproduption 
of the partly clenched fist at the grip; and the 
fist at ^ and the head at ^ together fortp |tbe 
pompleitie fiat. The artiftcisl part of t|^e fist Is 
not near ifs httman coWfihttppt but is transferred froni A to 
idift oo0osif8 W of,(me't!han.dle.. to B (Rule 8), 



knobbbj^ 

END 
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Any kind of knob can form a mechanical counterpart of 
the fist at A; but for the head to come into close correspond- 
ence with its human counterpart certain conditions clearly 
must be fulfilled. Thus the fist at B must balance its human 
counterpart, and therefore must be of a certain size and 
weight, and at a certain distance from the human counter- 
part, and so on. A wielder usually selects a stick whose 
head does balance his fist, or trims and shapes the head and 
handle until fairly close correspondence of human and 
mechanical parts is obtained. 

The head is rigidly joined to the handle at C. The part 
C, since it joins the head and handle, must be a mechanical 
extension of the wrist transferred to the end of the handle 
opposite the wrist. But there is nothing to show the limits 
of this part, and it is a most rudimentary copy of the wrist 
device; and correspondence of the mechanical fastenings 
which join the head to the handle and those which join the 
human fist to the wielding arm is very remote. 

2. Life treserver {Figure 10). 

The specimen shown is made of wood, but the head is 
loaded with lead, its total length is about 10 incdies. 

The head, the handle, and the grip axe demy 
defined, and their limits can be seen. The grip 
IS related in length to the length of the hollow, 
or barrel, of the fist. The shape of the barrd 
formed by the hand is determined by the shape 
of the grip of the weapon, and the hand con- 
forms automatically to the shape of the grip. 
The barrel formed by the hand is therefore not 
cylindrical, but is larger in ghlh at the middle 
than at the ends. The handle increases in girth 
towards the head; and is reversed compared 
with the forearm which increases in gifih, 
Km. 10. although irregularly, from the wrist tq tljie 
Since the arm inaeasea jrjfegullMly % 
J^tman handle is a distorted ; oopy 1^ 

Museum humtm Counterpart. That the h||h^d Is^d^tjOTo- 
duction of tiie fbieane i$ evident 
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weapon is wielded mainly with movements of the lorearni, 
and IS about the length of the forearm. The head :is made 
heavier by being weighted with lead, but this distortion of 
materials and weight, although it allows a harder and heavier 
blow to be given, prevents the weapon bemg moved as 
quickly and easily as if it were unweighted. The head is 
clearly a crude mechanical copy of the fist. The artificial 
part of the fist is not fully transferred, for there is a smaller 
copy of the fist at the end near the grip. 

The head is fastened to the handle and the handle to the 
grip by rigid fastenings formed by the wood which is con- 
tiauous. Althou^ the jomts are plainly indicated, correspond- 
ence of mechanical and human fastemngs is remote. 

3. Constable’s Stc^ (Figure 11). 

Constables’ staves vary in length, usually 
from about 10 inches to 2 feet 6 mches, the 
smaller sizes sometimes bemg called “ pocket 
sizes ”. The illustration shows one issued to 
special constables in London during the war 
of 1914-1918. It is made of wood and in 
one piece, and is about fifteen inches long. It 
has a shaped grip, and a leather thong to 
surround toe wrist loosely. 

The grip is so made that each of the four 
fingers lies in and partly round a groove. 
Each raised ring of wood formed between 
each groove of toe grip lies between two 
fingers, and partly fills the groove between 
them. Each of the rings is evidently com- 
plementary to the groove between the two 
fingers between which it lies. One of its 
purposes is to prevent movement of the 
Fig. H, fingers up or down the grip. These raised 

CONSTABLE’S rings, it will be shown later in this work, 

STAFF form rudimentary rifling devices. The 

Horn^an Tifling devices are not in toe form of spirals, 

for the plane of each ring is at right angles 
to toe- axis of tijie stpf^. , 
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The grip is therefore approximately m the form of a cylin- 
der. with, rifling devices on its surface. These rifling devices 
fit into the grooves in the human barrel between the 
fingers, and ate complementary to and counterparts of the 
grooves. The mechanical rings project from the grip; but 
the human grooves are depressions in the human barrel; the 
rings bemg reversed types of devices compared with the 
human grooves (Rule 11). Hence the interior of the human 
barrel is rifled by the three grooves or spaces between the 
four fingers, and the grip of the staff is rifled by the rings 
which project from its surface. 

The head of this club is not clearly distinguished from its 
handle, and it cannot be known exactly where one begms 
and the other ends, and indeed the position of the head and 
length of the handle depend on the part of the staff which 
is used for hitting the opponent. 

The thong helps to connect the grip to the wrist; but only 
when the staff is being carried or is knocked from the hand; 
and correspondence to the human fastenings which hold the 
fist to the wielding arm is remote. 

The staff is meant for use at close quarters; and is wielded 
usually with actions and movements mainly of the forearm. 
It is ^erefore related chiefly to the forearm, as is also evi- 
dent from its length, which is about the length of an average 
forearm. Quick and fairly heavy blows can be given with 
it. It can also be used as a thrusting dub. As &ere is no 
distinct head, it is possible the main part is a mechanical 
extension of the forearm only, which would account for its 
being suitable for giving thrusts as well as blows. 

4. Life Preserver, with jointed head {Figure 12). 

The weapon, which is about sixteen inches long, is of 
wood, except for a hide or ^ 

leather thong connecting the '—I 

handle and head. The grip ex- 

tends for some Mnnderable Pres^^R, WITH 

distance along the handle, per- JOINTED HEAD 
haps so that the hand can hold Hornimftn Museum 

the weapon hi^er qp or lower down as required. The 

' ^ 10 
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grip has twenty rings chiselled round it at regular inter- 
vals, forming twenty-one grooves. The grip therefore 
is approximately in the form of a rifled cylinder, but the 
rifling is not spiralled, for the plane of each ring is at right 
angles to the axis of the grip. The rifling is too close for the 
fingers to fit into the grooves between the tings. 

The handle is in one piece and rigid, and is of very irre- 
gular shape, but the reasons for its irregular shape are not 
very apparent. The head is of the ball type, and is clearly 
a mechanical form of the fist; but the artificial part of the 
fist is not fuUy transferred, and much of it remains untrans- 
ferred as the knob near the hand. 

The head is connected to the handle by a flexible thong of 
leather or bide. T, about three inches long. This thong 
allows the head to move relatively to the handle, as the fist 
can move relatively to the arm. Smee it joins the head and 
handle, it must be a mechanical reproduction of the human 
fastenings which join the fist to the wielding arm. It forms 
a kind of flexible wrist, transferred from the wrist to the end 
of the handle. There is some correspondence between its 
materials and those which join the fist to the arm, for it is 
made of leather or hide and therefore has some resemblances 
to the skin which joins the fist and hrm. Some correspond- 
ences of actions and movem^ts can be seen also, for the 
thong reproduces distantly some of the actions and move- 
ments of the wrist as the weapon is being wielded. 

The weapon was used in Sheffield in 1870. 

5. Moce, used by knight in armour. 

When a knight in full armour grasps a steel mhce. the fist 
at the grip is partly mechanized by means of the gauntlet, 
or armour of the hand and fingers. 

The fist id: the gr^ is in two main, parts. A hnman part 
is formed by tljie p^y clenched hand and fingera. and a 
mechanical, paict by the steel gauntlet 

The atnpti^ pfffl^to-’ooiripoaite fist at the grip is formed 
almost gantlet.' and the surfaces o£ the 

‘Pansis and devices are formed by 
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the gauntlet. The composite hst is larger than the fist of 
the ordinary fist machine, for the hand and fingers are partly 
unclenched to enclose the handle of the mace, and the 
exterior surfaces of the hand and fingers are increased in 
size by the gauntlet. 

Correspondmg human and mechanical parts can easily be 
recognized. The first finger of the gauntlet corresponds to 
the skin of the first finger, because it lies over it; the second 
finger of the gauntlet similarly corresponds to the skin of 
the second finger, and so on. The middle joint of the little 
finger of the gauntlet corresponds to the skin of the middle 
joint of the little finger; the middle knuckle of the third 
finger of the gauntlet corresponds to the skm of the middle 
knuckle of the third finger; and so on. Indeed, each part or 
device of the gauntlet corresponds to the skin of the part 
of the hand or fingers over which it lies. So obvious are 
corresponding parts and devices that a child could at once 
point them out. 

The handle gives the wielding arm an artificial extension. 
The wielding arm is partly of steel, since it is armoured, and 
there is continuity of materials from the wielding arm to the 
head of the mace. 

Often the head of a mace consists of a metal ball or 
sphere, and sometimes spikes or blades project from it A 
hammer blow or a swinging blow is ^ven; and it is fairly 
evident the head is a mechanical extension of the fist at the 
grip transferred to the end of the handle; and the material 
of the head may be the same as some of the material of the 
fist at the grip. Thus if the gauntlet is of steel and the head 
of steel, parts of the fist at the grip and the fist formed by 
the head are of the same mamrial. 

When a spherical stone is held in the band and used as a 
dub. the fingers curve partly round the stone and lie on its 
surface, The spikes of a mace’s head do not, however, lie 
on its surface, but project at ri^t an^es to it. The spikes 
arp probably mechanical reproductions of armoured fingers 
transferred to the Ijead and tarried throng right an^ 
(Biules 8 and 10), SP that tjiey he along tadii<^iast^ along 
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the surface of the ball or sphere, and become cxtcnsioQS of 
the radii. 

It is not easy to understand how the blades of a mace 
have originated, or to find their human counterparts, but the 
following suggestions may help to solve these problems. 

The actions of the mace can merely extend actions of the 
wielder, as is evident since a mace cannot take any actions 
by itself. Therefore the actions of the blades merely extend 
certain actions of the hst at the grip. A kind of blade is 
formed by the edge of the gauntlet, along the little finger 
and edge of the palm. No doubt, in an emergency, say if 
the kni^t lost his mace, he would use his armoured fist, 
or with the open armoured hand could cut or slash an 
opponent with the edge of the gauntlet. A blade of the mace 
may be this edge device of the gauntlet copied and distorted 
in form and transferred to the head of the mace. Distortion 
would easily allow four or more blades to be provided 
instead of one, although usually only one blade at a time 
could be directed against the opponent. 

6, Iron Wcff Flail {Figure IS). 

This weapon is entirely of iron. It consists of a handle 
about 18 inches long, a chain about a 
foot long, and an iron ball with six 
spikes i»x)jecting outwards and a longer 
spike inojeoiing downwards. 

The handle is a mechanical extension 
of the contrivance formed by the 
rigid parts of the arm. The chain 
is flexible, and is a crude mechanical 
extension of the flexible parts of 
the arm. Correspondence of materials 
is very remote, for the rigid parts of the 
wielding arm are of bone and the flex- 
ible parts of sinew and similar 
Fio. 13. materials, but the rigid and flexible 

?LAIL paits of the weapon are of iron. In 

Bvmimm Mmm many flails the flexible extension is of 
te^thei; or und cprife^ndmoe of matwials is dOsdr. 
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Neither the handle nor the chain lies alongside the wielding 
arm. The handle extends outwards as an extension of the 
rigid parts of the wielding arm. so that it is end to end with 
them. The chain does not extend immediately from the 
flexible parts of the arm, but is transferred to the end of the 
rigid extension, or handle. 

The head is a mechanical counterpart of the fist transferred 
to the end of the handle, and transferred again to the end 
of the chain. It can be noticed that the mechanical part of 
the fist is always transferred to the end of a part and never 
say half or one third or one quarter the way along it. Clearly 
in the ordmary club machme, the head could not usefully 
be placed half or one third the way up the handle. Similarly, 
the head of the flail could not usefully be transferred say to 
a place one third the way up the handle, or one third the way 
along the chain. It seems indeed to be a general rule that 
parts or devices can be transferred only from one end of a 
part to the other end. The ways in which parts can be trans> 
ferred can be well seen from a study of clubs and flails. 

The artificial part of the fist is not fully transferred for 
there is a rim or knob just below the grip, or rather the 
major part of the artificial fist is transferred to the end of 
the chain and a small portion is transferred to the end of the 
handle by the grip. One purpose of the rim or knob is to 
help to prevent the handle slipping through the barrel of 
the hand, for the handle of the club machine does not move 
through its barrel unless the club is thrown. Another pur- 
pose probably is to help to balance the head of the flail. 

The spikes apparently axe mechanical reproductions of 
fingers transferred to the head of the flail and turned through 
right an^es, so that instead of lying round the surface of 
the ball as fingers lie round a ball held in the hand, they 
project outwards. The longer spike is at ri^t angles to 
the other six spikes, and is perhaps a mechanical counterpart 
of the thumb, which wh^ the hand is opened can be 
placed at ri^t an^es to the fingers. Distortion of the 
number of mechanical fingers to six gives the advantage 
that the ball need not be directed, and one metal fipget is 
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certain to face the opponent. Distortion to provide a greater 
nutaber ol fingers, or spikes, than the hand possesses, makes 
correspondence more remote and therefore introduces 
disadvantages, one being that six spikes arc heavier than 
four unless they are made thinner, and another is that six 
spikes are more difficult to fit than four. If the process of 
distortion of numbers were to be carried too far, the spikes 
would eventually become so numerous and tliin that a brush 
would be formed, and an opponent hit by a head provided 
with a brush would feel httle inconvenience. It is evident 
that a broom or similar type of household implement has 
been developed by mechanizing the fingers and distorting 
the number of mechanical fingers, and then transferring the 
mechanical fingers to the end of the handle opposite the 
hands, the bristles or ban's of the broom’s head being types 
of mechanical fingers. Distortion of numbers of fingers 
makes the implement very useful for sweeping a floor, but 
useless as a weapon. If conversely fewer mechanical fingers 
are provided than human fingers, the mechanical fingers can 
easily be made stronger. If all the human fingers are mech< 
anized into a single finger which is then transferred to the 
end of a shaft a spear with a single point will be produced. 
The metal eyes which join the chain and handle and fho 
chain and head, serve much the same purpose as the joints 
of the dhow and wrist, and allow extensions of their move- 
ments (Rule 4). One metal eye is transferred to the end of 
the handle and the other to the end of the chaiii. 

The human fist can twist relatively to the upper arm 
through about two nglit an^es, mainly through the actions 
of the joint of the elbow; and it can, bend but not twist 


relatively to the forearm through about one right an^e. 
These- twisting an(l bending movements cannot be mapdfied 


by means of the handle, for the handle is rigidly joined to 
th,e fist afi4 twist it through oh](y t^o ri^t an^ea 
and befid Vj^ith it tjjrpugh only one i%bt angle reilativ4y to 
the ui^« arm and WaJSn resppetaydy. But the tsfeisting 


ijts^|;^»,pi«(?haaioal part thU fist 
of the “pye^i and linics of 
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the chain; and the head can twist through several right 
angles and bend, or swing, round the arm through more than 
a right angle. 

The handle is too long to be a meehanical reproduction of 
the forearm only; and probably is a mechanical reproduc- 
tion of the whole arm; and it would seem the weapon 
requires to be wielded with the forearm and upper arm acting 
together. 

7. North American Indian Club {Figure 14). 

This club is made of wood. The spherical ball is held by 
the top of the handle in a manner somewhat resembling the 
manner in which a ball might be held 
in a partly clenched fist. This sug- 
gests that the top of the handle forms 
part of the head and is a transferred 
counterpart of the hand. The maker 
has apparently seen the ball as if in 
the mouth of an animal, and has 
made certain distortions to increase 
this effect 

The handle, from its length, must 
correspond to the whole arm. It 
increases in girth, as is usual with 
the handle of a club, from the grip 
to the head; and is therefore a 
reversed extension of the wielding 
arm which increases in girth, very 
irregularly, from the wrist to the 
shoulder. The handle is enlarged 
below the grip, and the enlarged pArt 
is an untransferred part of the fist 
or hand. Its lower end Is pierced 
with a hole from which ludimentsiry 
Fro, 14, wrist fastenings emerge, 'Tbdsjs are 

formed by a piece of leithdr Vdfb. 
By pemisstan of the feathers attached to it. The 
Brtstf originally ^as. pei;haps^a^ 

/{QoldwyaTiiWtodo”!- ^iWound tlw 
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Tha club would need to be directed so that the ball hit 
the opponent, but perhaps could be used so that the part of 
the head behind the ball, which remotely resembles the back 
of a fist, could hit the opponent, and the type of blow would 
then correspond to one given by the back of a fist. If a blow 
were thus given by the top of the handle, both the back of 
the fist at the grip and the back of the fist at the opposite 
end of the handle, it can be noticed, would simultaneously 
be dnected at the opponent, and the part of the back of the 
mechanical fist at the top of the club would imitate the 
movement of the part of the back of the human fist lower 
down, m accordance with Rule 4. 

More facts about this dub. and also about the other clubs 
discussed in this chapter, will be- 
come known when clubs are studied 
agam, m Part II. with reference to 
the reproductive machinery of the 
body. It will then be seen that the 
head of this dub probably corre- 
sponds to the skull and the part 
bdow the grip corresponds to the 
sacrum, The reason why the 
maker has seen the bah. as if in the 
mouth or skull of an animal will 
then perhaps receive an explana- 
tion. 

8. Eskimo Adze (figure IS). 

This is a tool and not a weapon, 
but the principles of tools are simi- 
lar to those of weapons. 

The handle and head are of 
bone. The point is of iron. The 
head is laced to the handle by 
thongs, and there is a thong binding 
round the grip, with a loop for the ESKIMO ADZE 
vwist. British Museum Handbook 

M a gardener wishes to make a shallow trench in loose 
soa, and has no tool handy, he yriU sometimes dig it with his 
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hand. The hand can quickly be formed into an adze type of 
tool, say by bending the two top joints of the fingers until 
they are about at right angles to the hand, or if a deeper 
trench is to be scratched, by bending the three joints until the 
fingers are at right angles to the palm. Loose soil can then be 
drawn towards the gardener, and a trench can be made. 

An adze, like any weapon, tool, instrument, or other 
mechanical contrivance, can only extend actions of its wielder: 
and therefore each part of the adze must have its human 
counterpart. The handle acts as an extension for the wield- 
ing arm. The head is perhaps an extension of the part of the 
hand bent at right angles to the rest of the hand in a manner 
suggested above. The iron projection is a mechamcal repro- 
duction of one finger, or of a device made by several fingers 
together, or it is perhaps a mechanical extension of a finger 
nail or finger nails. 

Part of the hand of the wielder of the adze is not bent at 
right angles to the rest of the hand. But in a devdoped 
weapon or tool^ a mechanical part can rdease its human 
counterpart from the need for directly taking the shape of 
the part, as suggested by Rule 5. However the above sug- 
gestion of the derivation of the head of this adze should 
not be regarded as necessarily correct but as a possible 
solution only. 

The fastenings holding the head to the handle appear to 
be made from a thong; and correspond to fastenings which 
join the hand and arm. They axe in a transferred position. 

The grip is surrounded by binding in a very kreguiar 
spiral; and the grooves between the turns form a crude and 
irregular type of rifling, into which the hand and fifigars 
press. This rifling is reproduced on the skin of the hand 
and fingers as they grasp the grip. The loop corresponds 
to fastenings connecting the hand and arm. Its purpose is 
to surround the wrist loosely, to hdp to hold the adze to 
the hand. ^ i 

The materials of the handle and head, since these am of 
bone, conespond fairly closely to those of the bones tl;ie 
wlel^ng atm and hand. The materials of .the 
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smco they are of leather oi smew, correspond fairly closely 
to those of the materials which hold the hand to the arm 
The iron point, or pick, docs not correspond closely in 
mateuals to its human counterpart 
9 Wooden Club ftom Fi]i (Figure IS), 

Apparently entirely of wood, except Cor the bindings, It 
IS decorated with stars, moons, and similar objects. 

The club, it is evident, must be wielded with both hands, 
and therefoie the handle is an extension foi both arms, and 
the head an extension for both hands. The head 
IS not of the ball type; and cannot be a mechani- 
cal coimterpari of the fists. It has somethmg of 
the appearance of an open hand with fingers 
closed. Two different types of blows could be 
given, one a hit or smack with the flat surface, 
the other a cut or slash with an edge. A thrust 
could also be given with the point. These types 
of blows and thrusts correspond to those that 
could bo given by the open hand, the effects 
whoa the mechanical extensions formed by the 
bead are used bemg of course greatly magnified, 
for not only does the harder and sharper head 
allow harder and sharper blows to be given, but 
the leverage given by use of the long handle 
helps to magnify the effects of the blows or cuts. 
There is a slight rim below the grip, which is 
"aCtST*' ait untransfetred part of the hands. There are 
HJI fairly regular bindings at intervals round the 
iifwiam flaitdle, and grooves are formed between the 
Handbook tuTos of the cords of the bindings, in which the 
skin and flesh sink when the handle is grasped; and mechani- 
cal riflings and human riflings then tend to fit into each 
other. 

The club is decorated, and tfie decorations correspond to 
those often made on a 'fielder’s arms or othdr fiarts of the 
bodyj like tattoo decorations. Decorating a dlnb does not 

weapon afiy more than t^tt^ding 
htt^i^. dffeps^ve machine a better 
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machine, but tattooing or decoratmg the body or the weapon 
will sometimes frighten an opponent. 

10 Boomerang {figure 17). 

Some types of boomerangs are used simply as clubs, other 
types are thrown. 

The weapon somewhat resembles an arm bent at the elbow, 
but it has no head and the fist is not reproduced by the 
weapon. It probably corresponds to the human weapon 
formed by the bent arm, such as is used, for example, when 



a person “ dbows his way ” through a crowd, using only his 
arms but not his hands or fists. The elbow of the weapon 
is very pronounced. The grip is often chequered with lines 
cut on the surface. 

II, Waddy {Figure 18). 

This IS a type of dub, but is used mainly for thrusting. 
The head seems to be formed by a swelling about tw'o thirds 
of the way up the weapon. This swelling is probably not an 
artificial reproduction of the fist; and the weapon perhaps 



Fiq 18, WADDY 

corresponds to the human weapon that mi^t be formed by 
an arm with the fingers outstretched and brou^t to a ppfirt 
with the palm folded. 

12. T/ie Indian Club (Figure 19). j 

Thd dub is not a weapon* but is used k.'gymynstiq^aij.C 
pises, Ihe. weight varies from about 
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Some authorities recommend a three pound club for a 
woman, and a five pound club for a man. The length of 
the club is about the length of the forearm; but its girth and 
weight exceed the weight and girth of the forearm. 

It seems that by juggling with the club it can be made to 
correspond at one moment to the forearm, and at another 
moment to the whole arm. In order to make these 
changes, advantage is taken of centrifugal force. 
The club is wielded with circular movements 
round the head or body; and at certain moments 
the weight of the club is hardly felt by the wielder’s 
arm, and the club can then be wielded almost 
entirely by the forearm in a small circle. As the 
weight begins to tell, the club can be made to 
execute a wide circle with the whole arm in one 
line, and the dub then acts as an extension for the 
whole arm. The rapidity and grace with which the 
INDIAN to ^om the state of forming 

CLUB an extension for the forearm only to the slate in 
which it forms an extension for the whole arm makes Indian 
club exercises very pleasant both to perform and watch. 
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THE SPEAR 

T he human prototype of the spear with a leaf shaped 
blade can be seen if a hand and arm are stretched 
out, with the hand open and fingers closed. The arm 
then corresponds to the spear’s shaft, the hand to the blade, 
and the point of the middle finger to the point of the blade. 
The human prototype of a double handed spear shaft can 
be obtamed by stretching out both arms in opposite direc- 
tions so that they are in line. 

The weapon formed by the open hand With closed fingers 
has little penetrating power, and it is seldom nsed as a 
weapon, but mechanization of the weapon allows its power 
to be greatly increased. Mechanization of a human weapon 
nearly always allows its piercmg or cutting or slashing or 
hittmg powers to be magnified, often to a very great degree. 
The fingers used as claws have little clawing powers but, as 
has been shown, by mechanizing them by means of a bagihnak 
their penetrating and clawing powers can be greatly in- 
creased. Similarly, although the knuckles of the bare fist 
have little penetrating or cutting powers, when they are 
mechanized by means, say, of a knuckleduster with sharp 
points, these powers are considarably increased. By mech- 
amzmg the fist and widdmg arm by means of a dub. a much 
harder and heavier blow can be given than can be given by 
the bare fist. By transferring a mechanical copy of a finger 
to the head of a club, in the form of a spike, the penetrating 
power of the finger can be greatly increased, Makers of 
tools have discovered that by use of a hammer, which is a 
type of dub, a hard and heavy blow can be given by tfie 
artificial extension of the fist, By means of a blacksmith’s 
dedge hammer, which is a type of club corresponding tb 
both fists and arms, as is evidrat from the fact that it is 
wielded with both fisd and arms, the smith caj^iibe^t Itfeated 
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iron into sliapes he desires, a feat he would not be able to 
perform with vmmechanized or bare fists. The art of the 
makers of weapons and tools has indeed been exercised to 
the utmost from the earliest times to discover methods of 
magnifying the hitting and pieremg and cutting and other 
powers of the human body. Considerable progress was made 
by early man in extending and magnifying the hitting, 
thrusting, and cutting powers of the body, by the use of 
wooden dubs, pomted sticks, and edged sticks. More pro- 
gress was made by using stone clubs and flint tools and 
flint weapons. But it was the use of metals and especially 
of iron and steel, that opened up ways of extending and 
magnifying these powers to very great degrees. 

It is apparently to the weapon formed by the open hand 
and used for thrusting, with its many variations such as may 
be obtained by opening some or all of the fingers, that most 
types of spear heads correspond. 

In Figure 20 (i), the spear head is leaf shaped, and has 
some resemblance to an open hand with dosed fingers. The 
spear head in Figure 20 (v), is a variation of this type, and is 
distorted so that resemblance to a human hand is more 
remote. 

Fio. 20. SPEAR-HEADS 
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(v) (vi) (vii) (viii) 


(v) Masai, BiitUh Miaeum Handbook 
l.vi) Double-headed javelin, Duke of York’s Island, L Skelton 
(vii) Three-pronged spear. Lower Murray River, Australia, J. G 
Wood 

(viii) Pour-pronged Fiji spear, British Museum Handbook 


(«) 


W 



Belgian Congo, British Museum Handbook 
Bissagos Islands, British Museum Handbook 


In Figures 20 (it), (»0 and (iv), the lingers of the spear 
head are open, and branch, from a broad part which fairly 
evidehtly corresponds to the palm of the hahd. Figure 20 
(fv), which shows a fishing spear, has four fingers with 
^devices at their ends somewhat resembhldg fifigar nailff, ' 
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The heads of many spears are greatly distorted, Advah- 
tages for special purposes can be obtained by particular 
distortions; but no sin^e distorted type is widely used; and 
the leaf shaped head or an elongated variety of it seems to 
be the type most widely used; and thus although the 
ingenuity of makers of spears has been exercised from the 
earliest times to discover ways of further mechanizing the 
thrusting hand or thrusting fingers device, the most widely 
used types of spear heads still reveal certain resemblances 
in shapes to the shapes of the human prototypes from which 
they have been derived. 

Many war spears have barbed heads, and fishing spears 
very often are barbed. The barb is not an offensive device 
nor does it form part of the offensive machinery. It is a 
holdmg device by means of which an opponent or creature 
can be held after being hit; and corresponds to the device 
formed by a bent finger, as for example when a finger is bent 
round a hook or rope to draw it towards one or to hold it 
to one. The human prototype of the barb can be distinctly 
seen if the reader bends his forefinger at the middle joint, or 
fore-knuckle. 

The recognition of the human prototype of the barb at 
once reveals that the fist is barbed, with at least fourteen 
prominent barbs. Four prominent barbs are formed at the 
four middle knuckles of the fingers, and four others at tlie 
four main knuckles, where the back of the hand and fingers 
meet. The pomts of the barbs formed by the middle knuckles 
are probably those most often directed against an opponent. 
They do not penetrate deeply, but may lacerate the oppon- 
ent. The barbs are holding devices only when the fingers 
are used to grasp the opponent and hold him. Four more 
barbs are formed by the top knuckles of the fingers, but these 
ate nearly hidden in the fist. Two barbs are formed by the 
thumb, one at each knuckle. The reader will easily notice 
the modifications in the forms of the human barbs when the 
hand forms claws or wields a caestus, baghnak, or other 
mechanical weapon; and will realize that every weapon 
formed by or wilh the hW or bpld the hand is necessarily 
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and automatically barbed with at least fourteen prominent 
barbs. If a weapon is held by both hands, it is then pro- 
vided with at least twenty-eight barbs. 

Weapons like the pike and halberd, Figure 21, and quarter 
staff are varieties of the thrusting spear, or can be used as 
varieties of iL These weapons are double 
handed weapons, with long shafts or 
handles which are held with one hand 
higher up the shaft than the other. The 
shaft forms a rigid extension for both 
arms, as is evident from the length of the 
shaft and from its bemg wielded by both 
arms. The extensions of the arms are 
not placed side by side and combined to 
form a thick short staS of about the 
length of one arm, but are placed end to 
end Co form a single slender extension; 
and often there is nothing to show where 
one extension begins and the other ends. 
Usually the shaft is approximately cylin- 
drical in shape. None of the flexible or 
soft parts of the wielding arms are mech- 
Fio. 21. anized and given extensions by means of 
HALBERD HEAD the shaft of a pike, halberd, or quarter 
Wallace Collection Staff. The shafts of thrusting weapons of 
(From a the spear dass vary little in form; and it 
photograph) gggj^ possible with advantage to 

distort the mechanical extensions of the widding arms to 
any great degree except in length. 

The head of a spear may be of one piece with the shaft; 
and the fastenings joining the head and handle are then 
formed simply by ^e materials of the part where the head 
and handle meet. A spear formed by a pointed stick has no 
defined head; and the part forming the head is joined to the 
handle by the wood which is continuous from handle to 
head. 

The head often has a socket into which the shaft is fitted. 
Conversely often the head fits into the shaft. The head 




162 


MECHANICAL BIOLOGY 


sometunes has a tang, or metal spike, which fits mto a socket 
in the shaft; but conversely sometimes the shaft ends in a 
tang which then fits into a socket m the head. The socket 
is thus so metime s in the head, and sometimes in the shaft, 
and similarly the tang is sometimes on the shaft and somc> 
times on the head. A joint formed by a tang on a head and 
socket in a shaft is a similar but opposite contrivance to a 
joint formed by a tang on the shaft and socket in the head; 
and a study of these similar but opposite contrivances helps 
to show how devices can be reversed and how devices can be 
transferred. Thus the socket can be transferred from the 
head to the shaft or from the shaft to the head, and similarly 
the tang can be transferred from the head to the shaft or 
conversely; because head and shaft are in contact (Rule 7). 
Transferring the devices has of course the effect of reversing 
the form of the contrivance (Rule 11). 

A shaft fits into a socket in the head of a spear in much 
the same way as a finger fits into the finger of a glove. The 
tang of a shaft is indeed a mechanical extension of a thrust- 
ing finger transferred from the wieldcr's hands to the 
opposite end of the shaft; but the tang of the shaft i^ not 
directly used against the opponent This device appears 
again as the point of the spear’s head, the tang device of the 
shaft being transferred to the opposite end of the head. No 
doubt, if the head were dislodged, the tang or end of the 
shaft could be used directly against the opponent; but by 
transferring the mechanical tang device to the head the more 
effective and of (yrarse modified form of the device, formed 
by the point of the spear’s head, can be used, Thus, the 
point of a spear head originates as the human thrusting 
filnger device, which is transferred as a mechanical device to 
the end of the shaft opposite the hands, appearing often as 
the tang on the shaft or conversely as the tang on the head, 
and is then again transferred in a modified and further dis- 
torted mechanical form to the opposite end of the spear’s 
head, appearing lastly as the pietal point of the head. 

Since the head of a ^ear corresponds to the hand and the 
&haft corresponds to the 'arm or arms, ffie fastenings whic^ 
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bold the head of the spear to its shaft must correspond to 
the human fastenings which join the hand and arm. that is 
must correspond to the wrist fastenings. The mechanical 
fastenmgs, however, are not near the wrist but are in a trans- 
ferred position, being transferred to the end of the shaft 
opposite the hand or hands (Rule 8). A spear head is rigidly 
joined to its shaft, and the head and shaft cannot move 
relatively to each other. Hence the mechamcal joint can 
reproduce only features of the set wrist, that is can reproduce 
only features of the fastenings which are formed by the wrist 
when the hand is held rigidly by the wrist without movement 
of the wrist. But flexible joints can be seen in the fastenings 
which connect the heads and shafts of harpoons, which are 
types of spears, if the head is made so that it can be detached 
from the shaft but be still connected to it by a cord or cords. 

It might be thought that in such primitive types of weapons 
as spears and harpoons correspondence between mechanical 
and human joint fastenings could not be observed, or could 
be observed only with great difflculty. To some extent this 
is true; but often correspondence is clearly evident, and in 
some cases conespondence of mechanical and human parts 
or devices is astonishingly dose, as will now be shown. 

The head ()f a Kafllr’s assagai usually has a tang which fits 
into the shaft, or the shaft may have a tang whidi fits into 
the head. The KajQSr further secures the head to the shaft by 
binding the joint with a strip of hide. The hide thong is 
wound round the joint while still wet, and as it dries it con- 
tracts and "forms a band nearly as strong as if made of 
iron.” ^ This thong binding around what might be called flie 
"wrist” of the weapon has some similarities to the thong 
binding which sunounds the wrist of the wielder of a caestus, 
and also to the tape which surrounds the wrist and glove of 
a modern boxer, and is a type of the caestus wrist thong or 
boxing tape; but the caestus thong or boxing tape is not in a 
transferred position but lies around the wielder’s wrist. The 
assagai binding is not near the wielder’s wrist but, as stated 

j The gev. J. O .Wood, M.A., Fi-S., etc,, F/re Natural Histdr:^ ot 
Mofi. 
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above, is transferred away from the wrist to the end of the 
shaft near the head. The assagai’s thong binding perhaps 
has some correspondences to the sinews or other fastenings 
which join the hand to the atm. but correspondences are 
remote. 

It was pointed out in the chapters on the caestus and box- 
ing glove that the part of the glove of the caestus or part of 
the boxing glove which surrounds the wrist is a mechanical 
copy or extension of the skin of the wrist. The African 
sometimes very clearly reproduces certain features of the skin 
of the wrist in the fastenings which join the head and shaft 
of his assagai. The joint in some specimens is secured by a 
piece of the tail of an animal, say about four inches of the 
tail of a calf, drawn on like a stocking. ^ As the skin tube 
dries, it contracts, and covers the joint in much the same way 
as the skin of the wielder’s wrist covers the human joint of 
the hand and arm. Also, usually, the hair is left on the skin 
tube; and the hairs on the tube then reproduce in artificial 
and distorted forms the hairs on the wiclder’s wrist. 

4 A harpoon’s head may be lightly attached to its shaft by 
a cord or cords, so that when a creature is struck, the head 
can remain in its body and the shaft can float away but still 
be connected to the creature by the cord or cords fastened 
to the head. The position of the creature under water can 
then be known. Also, the shaft, to which an inflated bladder 
is sometimes fastened, acts as a float and prevents the 
creature swimming away easily or prevents it sinking. A 
long line is fastened to the shaft so that the creature after 
being struck can be held by the harpoon, 
j The cords holding the head of the harpoon to its shaft 
must be mechanical reproductions of the flexible fastenings, 
such as sinews, which coimect the wielder’s hand and arm, 
This is evident from correspondences of positions and func- 
tions of human and mechanical parts. But the mechanical 
cords are greatly distorted, especially in length, compared 
with their human counterparts. 

* Richard F, Burloii, The Lake Regions of Central Africa; Hie 
Rev. J, G. Wood. M.A., F.L.S,, etc., The Natural Misiory of Man, 
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By distorting the cords of the arms the harpooner obtains 
certain advantages. Thus, for example, by distortmg the 
mechanical extensions of the cords of his arms, he can 
remain at a considerable distance from the creature he is 
holding, and can hold it by the help of the flexible extensions 
provided by the rope fastened to the shaft. But distortion 
of a part or device of a weapon, if the weapon is to be of 
service, caimot be according to the whims of its maker. The 
harpooner has discovered, by a long process of trial and 
error, some of the ways in which parts of a harpoon can be 
distorted with advantages for his purposes. Distortion also 
can probably be made only in accordance with laws or rules, 
which however ate not yet known. The Rules given in this 
work are not sufficient to account for the ways in which 
weapons can be distorted. But probably when a study of 
weapons is made by others than the author by means of the 
human prototype theory, further laws or rules describing the 
ways in which weapons originate and develop will become 
known, and perhaps the ways distortion can take place and 
the limits to which it can be carried will become known. In 
the meanwhile the Rules given will provide means of know- 
ing, broadly, how weapons originate and develop, and 
more important still how new weapons will originate and 
develop. 

The head of a harpoon is sometimes fastened to its shaft 
^by means of a cord from the base of the head, but this 
method of fastening the cord aUows the head to be pulled 
out of a creature too easily. Therefore in many types of 
harpoons, the cord is fastened, not to the base but to the side 
of the head, so that the pull of the cord on the head does not 
tend to pull out the head but raflier tends to prevent it being 
pulled out The pull on the head when the cord is fastened 
to its base is along its axis, but when the cord is fastened, to 
its side is at right angles to the axis. The change in place of 
attachment therefore results in the puU being turned through 
a tight an^e, in accordance wifli Rule 10- 

CSiaracteristics of the fastenings which allow the hand and 
arm to be rigidly johied are th«:cfore reproduced in 
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rudimentary and distorted forms by the fastenings which 
join the heads and shafts of spears; and characteristics of 
the fastenings which allow the hand and arm to be flexibly 
jomed are reproduced in rudimentary and distorted forms by 
the fastenmgs which join the heads and shafts of the 
harpoons. 

The head of a spear is sometimes fastened to its shaft by 
rivets, or rivets form part of the fastenmgs. It is then fast- 
ened somewhat after the manner in which a surgeon fastens 
a broken hmb when he rivets the parts together say by silver 
nails. The methods used by a surgeon are far removed from 
those used by nature; but sometimes show correspondences 
to methods by which makers of weapons fasten the heads 
of halberds, pikes, and similar types of weapons to their 
shafts (Cp. Figure 21)- 

y A halberd, whose head is provided with an axe and a 
point and a beak, is not one weapon, but is really three 
weapons, and only one of the weapons can be used at a lime, 
Figure 21. The halberd can be used as a thrusting spear 
or as a battle axe or as a kind of pick axe. When the spike 
is bemg thrust at an opponent, the axe and beak are out of 
action, and similarly when either the axe or beak is being 
used, the other two devices of the head are out of action, 
When one weapon is being used, the other two devices of the 
head are usually hindrances to its effectiveness. Thus, if a 
thrust is being made with the spike, the axe and beak because 
of their weights tend to make the thrust more difficult. A 
dual purpose or many purpose weapon is nearly always less 
satisfactory in use than a single purpose weapon. The human 
body it can be noticed cannot form more than one type of 
offensive machine at once. Thus an opponent cannot be hit 
with the fist and be tom with the daws at the same time; 
and the fist and the claws must be separately formed and 
used. 

A barrel is formed by the hands and fingers as they dose 
round the shaft of a pike, halberd, quarter staff, or double 
handed thrusting spear, Figure 22, Parts of a cylindrical 
Jbanel arb formed if the shaft is cylindrical; for the aisjn and 
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Fig. 22. 

THE HANDS FORMING 
BARREL 
spear machine is in two parts. 


flesh of the hands and 
fingers become deformed 
throng pressure as the ^af t 
IS grasped, and automatic- 
ally the form of the shaft is 
impressed on the insides of 
the hands and fingers where 
they are in contact with it 
The human barrel is m two 
main parts, one part being 
formed by the right hand 
and the other by the left 
hand. Usually the two parts 
of the barrel are separated 
by some distance, the dis- 
tance dependmg on the way 
the shaft is held. The axis 
of the human barrel coin- 
cides with the axis of the 
shaft; and the axis of one 
part of the human barrel is 
m exactly the same line as 
the axis of the other part. 

When it is seen that a 
barrel is formed by the two 
hands for a spear diaft, it 
can be seen that the hands 
form a barrel when the fists 
are being wielded; and that 
the barrel of the fist machine 
like that of the thrusting 
One part is formed by the 


hollow of the left fist, and the other by the hollow of the ri^t 
fist 


The relationships between the barrels of the fist machine 
and thrusting spear machine can be at once understood &om 
a simple experiment: — 

Hold a pencil in each fist, and adopt an attitude of the 
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widder of the fists with, say. the left fist forward. The 
pencils will point upwards and will be parallel. Now turn 
the fists until the pencils are in the same strai^t line. With- 
out changing the positions of the fists, replace the two 
pencils by a cane or stick. The hands will now be holding 
the shaft of a spear; and the attitude will be an attitude of 
the wielder of a thrusting spear. 

Placing pencils in the fists reveals the positions and direc- 
tions of the hollows or barrds of the fists, and shows the 
dnections of the axes of the barrels. The fact that the fists 
have barrels and that the barrels have axes cannot be known 
from direct observations, but becomes evident when pencils 
are placed in them, or when they are turned through right 
angles and made to hold a spear shaft. When the cane or 
stick is placed m the hands it enlarges and fills the hollows 
or barrels of the fists, and causes the interiors of the two 
parts of the human barrel to be deformed to fairly regular 
cylindrical shapes. Since the hands are on the same cane or 
stick, the two human cylinders have the same axis, which is 
also the axis of the cane or stick; and the interiors of the 
cylinders coincide with the extenor surface of the cylindrical 
cane or stick where they are in contact with it. 

The diameter of the barrel formed by the hands when 
holding a spear shaft depends on the diameter of the shaft, 
and is the same as that of the shaft. The hands have the 
Remarkable property of being able quickly and automatic- 
ally to form a barrel for a shaft of any diameter, provided 
the shaft is not too large to be held. Some mechanical 
barrels also have this property. For example, an amentum, 
or thong wound round the shaft of a spear, can fit a shaft of 
any diameter, and therefore the barrel formed by the thong 
cylinder can automatically adapt itself to suit toe girth of 
the shaft. Somewhat sMarly, toe barrel formed by the 
sides of a sling pouch automatically diverge or approach each 
other to suit toe size of toe sling stone. A gun barrel has 
no powers of adapting itself to suit toe diameter of the 
missile; but contrariwise can make the missile suit its oWn 
diameter. This happens when toe lead bullet or the driving 



THE SPEAR 


169 


band of the shell is forced into the rifling grooves. These 
facts will however be better understood later in the work. 

A thrust from a spear is given along the axis of its shaft, 
and therefore also along the axis of its human barrel. A 
thrust or blow from the fists however is given at right angles 
to the barrels of the hands (Rule 10). It can be seen that 
a blow or thrust is always given in a direction either parallel 
or at right angles to the human barrel. Thus, a blow from 
a club is given at right angles to the handle, and therefore at 
right angles to the barrel formed by the hand or hands at 
the grip. A sword thrust is given in a direction along the 
axis of the barrel of the hand; but at right angles to it when 
a katar type of sword is wielded and the hilt is at right angles 
to the blade. A cut or slash from a sword is given at right 
angles to the axis of the human barrel. A blow or thrust 
from a rifle is given in a direction parallel to the line joining 
the hands. And so on. 

Although the surface of the shaft of a spear may be 
smooth, die surface of the interior of the human barrel will 
not be smooth. However great a pressure is exerted by the 
hands, pmrts of a cylinder will not be exactly reproduced on 
the skin of the hands and fingers, because of the creases and 
lines on the palms and insides of the fingers, and because 
also of the grooves between the fingers, formed by the three 
spaces between the four fingers of each hand. There is a 
multitude of creases and fine lines on the palm and insides 
pf the fingers. No two persons have the same pattern of 
creases and fine lines, and the creases and fine lines on the 
inner surface of the human barrel are different when one 
person grasps the shaft and when another person grasps 
it 

The three grooves between the fingers of a hand are 
approximately straight and parallel when the hand is open 
and the fingers closed: but they tend to become spirals, or 
screw-like threads when the hand grasps a spear shaft Those 
formed by the left hand when it is the forward band are 
right handed threads; those formed by the right hand are 
left handed threads; and the three threads of the left hand 
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are approximately at right angles to those of the right hand. 
If the threads of the right hand were continued round the 
shaft, they would not therefore meet and coincide with those 
of the left hand, but would cut diem at right angles approxi- 
mately. The threads are very irregular, and not so 
machine-like as the threads of screws or the riflings of gun 
barrels. 

Three other spirals are also formed by each of the hands 
on the inner surface of the barrel. These are formed by the 
creases at the msides of the finger joints. When the hand is 
open, twelve short and separate creases can be seen at the 
insides of the finger joints, four being at the insides of the 
top joints, four at the insides of the middle jomts, and four 
where the fingers meet the palm. The creases are parallel, 
and at right angles to the fingers. As the hand becomes 
clenched the four top creases tend to form one continuous 
crease, the four middle creases similarly tend to form a con- 
tinuous crease, and the four lowest creases tend to form a 
continuous crease, each crease crossing the fingers approxi- 
mately at right angles to them. When a spear shaft or other 
cylindrical ^aft is grasped these three creases tend to become 
spirals. So on the interior of the human barrel other sets of 
spiral grooves, or riflings, are formed by the creases at the 
insides of the finger joints, which are approximately at ri^t 
angles to those formed by the grooves, or spaces, between 
the fingas. 

The interior surfaces of the human barrel of a spear shaft, 
pike shaft, or halberd shaft, are therefore nfled. In anticipa- 
tion of later results, it may be stated that the barrel formed 
by the hands is a prototype of the gun barrel and the human 
ifflings are prototypes or original forms of the riflings on the 
interiors of nfle. machine gun, howitzer, naval gun, and othuc 
gun baxrds, The human originals must not be supposed to 
be infedor to the mechanical riflings on th^ barrels of rifles 
apd othi^ fl®ej,»aim5i,»beoku8e they seem so irregular. The 
hunmo; ipifli^s ap'extt^mely complex; -and the above stud^ 
9 f«the^(^jceYeals dtdy- a Viwy few of their ^propmties apd 
iih^;if|otetjitj,tios, ’Th^ h^hftnical riflipgs op the interiors of 
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fire arms reproduce only very crudely and in a most primitive 
way some of the properties of the human riflings, 

Attempts at reproducing human devices in mechanical 
forms neatly always result in the production of devices much 
more regularly formed than their human counterparts, and 
usually of some simple geometrical forms. But the inroduc- 
tion of a device of a regular and geometrical form does not 
mean that the mechanical device is in any way superior to 
the apparently less regularly formed human device- This 
can at once be realized by considering say the development 
of artiflcial limbs. Until recent times a wooden leg was 
usually merely a cylinder somewhat resembling a broom 
handle. It was much more regular and geometrical in shape 
than the human leg it was meant to replace. From a mathe- 
matical point of view it could be said to be superior to a 
human leg. which is very irregular in form and of no known 
geometrical shape; but the wearer of such a contrivance 
would undoubtedly say it was a very crude and elementary 
reproduction of the leg. It can be noticed that as artificid 
legs have been improved they have tended to become less 
mathematical in shape and correspondin^y more useful to 
the wearer. It must not be imagined that mechanical riflings 
are superior to those formed by the hands when they grasp 
a spear shaft because the mechanical riflings are more 
regular and geometrical in shape. The need to make parts 
of weapons m regular and geometrical shapes is an indica- 
tion of the lack of ability of the makers. Makers of weapons 
must make parts of weapons in simple and tegular shapes, 
because they know so few of the secrets of the offensive 
machine and cannot therefore reproduce any of its parts with 
fidelity. Bideed. until the publication of ^s work, makers 
of weapons apparently did not know that parts of weapons 
are extensions of parts of the wielder's body, and hitherto 
have worked blindy, developing weapons by a process of 
trial and error. 

It may also here be stated that the multitude of ^a^eases 
on the surface of the palm and insides of the fingers do not 
form rifling devices, and are not mechaphse^d^ ^ as 
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riflings. One of their purposes is to help the hand to grip 
the shaft, and they act somewhat like the treads on die 
wheels of vehicles to prevent slipping. They are mechaniyed 
on some weapons as ^e chequering, or criss-cross markings 
lightly cut on the small of the stock and other parts to help 
the hand or hands to obtain a good grip. Figure 57. Chequer- 
ing devices will be studied later. 

A pike shaft or halberd shaft has no movement relative to 
its human barrel while the weapon is being wielded, and 
the shaft and barrel move together always. The shafts of 
most double handed spears similarly do not move relatively 
to the barrel; but certain types of spears are darted through 
the hands; and the shaft moves through the barrel, in some- 
what the same way as a bullet moves through a gun barrel. 

According to Wilkinson, the ancient Egyptians sometimes 
darted the spear through the hands, but without letting it 
pass from the hands. The shaft was darted through the 
hands, "till slopped by the blow or by the fingers suddenly 
closing on a band of metal at the end.” Wilkinson also says 
a spear is sometimes darted by the modern Nubians and 
Ababdeh in this way. ’ On some spears the place of a metal 
band is taken by a knob at the butt. 

The hands remain at the same places on the halberd, 
quarter staff, and spear shaft, when the grip has been made, 
and do not move relatively to each other during the vnelding 
movemeiits. Hence the length of the barrel is constant. But 
when a spear is darted the length of the barrel varies, 
because the hands move relatively to each other during the 
darting movements. Hence the darting spear machine has 
an extensible barrel, or barrel whose length changes as the 
weapon is being wielded. 

Many other types of the offensive machine have extensible 
barrets. The ^t machine, for example, has ah extensible 
barrd. because the distance between the hollows or barrels 
of the fists varies as the fists are being wielded. The length 
of the barrel is least when the fists are close togefiieil, say as 

S Sir I, Qudner Wilkinson, DtCJu., F.R.S., F.R.G.S„ Th? Manners 
and Customs of the Ancient BgUptians. 
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the rear list is being brought forward and the front fist is 
being brought back; and is greatest probably when the rear 
fist is about to be brought forward to deliver the blow or at 
the moment the opponent is hit, for then the fists are farthest 
apart. 

If the length of the barrel of the one handed dub machine 
is regarded as the distance between the human fists, the 
maximum length of the baircl is probably not much different 
Irom that of the fist machine; but perhaps the length must 
be measured from the part of the barrel formed by the 
hollow of the left fist to the part formed by the head of the 
club, which is an artificial copy of the right fist at the grip; 
and the length of the handle must be added to the distance 
between the human fists to obtain the maximum length of 
the barrel for most types of blows. A two handed club 
machine has not an extensible barrel, because both fists are 
on the handle, and the distance between them does not 
change, nor does the distance between the human fists and 
the head of the club change. 

The hand and fingers, besides forming a barrel for the 
shaft of a spear, form fastemngs to connect the weapon to 
the body. These fastenings, like the rifiings and indeed all 
human devices, are extremely complex. They are uot 
mechanized and therefore it impossible to see how they 
are formed or to discover all their parts ana devices, or 
to see them separate from the barrel and rifling and chequer- 
mg and other devices; but a few general remarks about them 
can be made. 

The fingers curl round and surround or partly surround 
the shaft, and form clasps to hold the shaft to die arms. 
Each finger forms a separate dasp. The thumbs when 
placed along the shaft press on it and press it agamst the 
finger clasps. If the thumbs curl round the shaft they also 
form clasps which may meet and lie over the ends of the 
fingers. The forms of the clasps depend to a great extent 
on the girth of the shaft and the shape of its section. The 
clasps are automatically and quickly formed by the hands 
as th^ grasp the shaft^ When a spear is darted the Hasps 
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are slightly loosened. As a thrust is being given they are 
tightened. 

Many spear shafts have smooth surfaces, and have no 
special devices fastened to them. But the human barrel is 
often provided with an artihcial or mechanical extension, 
formed usually by covermg the grip with leather, skm, 
velvet, or other similar material. The assagai, for example, 
sometimes has a leather covering round its grip, which acts 
as a mechanical counterpart for the human barrel. When 
the shaft of a spear is approximately cylindrical, the mech- 
amcal tube or barrel formed by the leather, skin, or velvet, 
is also approximately cylindrical, since it necessarily takes 
the form of the surface of the shaft When the hand makes 
its grip, the shaft is therefore provided with two barrels, a 
mechanical barrel to enclose the shaft being formed by the 
covering placed round the shaft, and a human barrel being 
formed by the hand to enclose the mechanical barrel and 
the shaft A dose fit of the human barrel, mechanical 
barrel, and shaft is ensured, because of the pressure of the 
hand on the grip. 

The shaft of an African spear is sometimes plated with 
zinc or tin,'* and the zinc or tin tube then has some 
resemblances to a gun barrd, in materials, shape, and size; 
but the shaft does not move through the metal barrel as a 
ballet or shell moves through a gun barrel. 

The complete barrel for the shaft is formed by the hand 
and tube of skin, leather, velvet, zinc, tin. or other material; 
and the artificial part of the barrel is complementary to the 
human part. The human barrel automatically conforms to 
the shape of the artificial part; but if the tube is of soft 
material like akin, leather, or vdvet, the mechanical part of 
the barrel may be deformed somewhat to the shape of the 
human baitd, 

The tube forms a lining for the hurhan barrd and since 
it lies nez^ to the skin is evidently an artificial d^tensiori of 
the slria of ^ htteribr 6f the human barrel (Rules ‘3 and 7). 
'fhht this js M as dii>imnrt>y ooriespond^tces of materials 

> k Itidiard df Centra Afrha. - 
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when the tube u. made of skin or leather (Rule JJ, by 
correspondences of shapes, because the mterior of the human 
barrel becomes approximately cylindrical when placed on 
the cylindrical tube (Rule 1); and because the skin and tube 
move together at all times and cannot have independent 
movements (Rule 4). The materials of the mterior ot the 
human barrel and of the tube correspond fairly closely when 
the tube is made of skin, rather less closely when it is made 
of leather, much less closely when it is ma'de of velvet, and 
only remotely when it is made of metal. 

If the bark is left on a spear shaft, the shaft is automatic- 
ally provided with a very dose httmg barrel for most of its 
length. The bark is, of course, the skin of the wood, and 
by leavmg it on the wood, the human skin is easily provided 
with an artificial and suitable mechanical extension. This 
circumstance might be overlooked, but it is necessary to 
notice it. because often the human skin is provided wi& an 
artificial extension by the simple expedient of leaving the 
bark on the wood which forms part of a weapon. Sometunes 
bark is purposely placed on the surface of a part to provide 
an artificial counterpart for the human skin. Thus, as will 
be shown later, the bark forms a mechanical counterpart for 
the skin of die wielder’s arms when it is left on a s^ bow; 
and it forms a mechanical counterpart when it is placed on 
the surface of a composite bow. A part of a weapon, it 
should also be noticed, is given a type of artificial or mech- 
anical skm when it is covered with varnish or lacquer or 
paint. Composite bows nearly always have an artificial skin 
of bark, skin, varnish, lacquer, or other material that copies 
the skin of the arms. When the bark is scraped off the shaft 
of a spear and is replaced in part by a tube of skin or other 
material, the natural barrel is replaced by an artifidal barrel. 
An artificial barrel is supplied usually in order to obtain 
some advantages for special purposes. 

A few types of spears have hollow shafts. A hollow 
tiltiag lance belonging to the Duke of Suffolk shown in 
London in 1598 to the German traveller I|ent 55 nef wa$ 14 
ft, 4 ihs. long with a girth at its thickest part of inches, 
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but weighed only 20 lbs., and must therelore have had a 
large hollow. ’ A broken, lance in the Tower of London, of 
about the same period, is 12^ feet long and weighs only 10 
lbs., and has a hollow groove some two inches in diameter 
extending to about IJ ft. from the point. ’ Large hollow 
spears, called bourdonasses, were used at the battle of 
Fornoue in 1495.'* The hollow of the lists is filled by the 
wood of the shaft usually, but when a hollow spear is held, 
the hollow appears again within the barrel of the hands. 

An artificial barrel is provided for a cricket bat or hockej 
stick when its handle is bound, as it usually is, with a length 
of cord wound spirally round it The surface of this nearly 
cylindrical barrel is not smooth, out is very regularly and 
closely rifled, a conlinuous gioove from one end of the 
handle to the other being formed between the turns of me 
cord. The pitch of the rilling, or number of turns the spiral 
groove makes in each inch of barrel, depends on the thick- 
ness of the cord, and can easily be measured or calculated. 
If the cord could be removed entire from the handle, it 
could be seen that the inner as well as the outer surface of 
the cord barrel was rifled. 

The barrel for the cricket bat or hockey stick is not formed 
merely by the cord cylinder. The complete oarrd is formed 
by the hands and by the cord cylinder together. The cord 
cylinder forms a kind of lining for the human barrel and 
becomes a mechanical extension for its inner surface. As 
they make their grips, the hands form a human barrel which 
takes the shape of the cord barrel. The human part of the 
barrel is in two parts, if the hands are at some distance 
apart, and it may therefore not be continuously formed. The 
mechanical part of the barrel is continuously formed if the 
binding is in one piece. The hands through pressure deform 
the skin and flesh to conform to the shape of the cord cylin- 
der, and a dose and good fit of the hands ?nd bat or stick 
is ensured, and the body and bat or stick become firmly 
connected. 

, 5 Viscouttl tJiUcfl, Thd l^tifyclcpeedla of Sport, artide Obsolete 

/ Sport. , 
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The pressure of the hands causes the skin of the interior 
of the human barrel to receive impressions of the mechanical 
rMing formed by the spiralled cord. The skin sinks into the 
spiral groove, and the cord presses mto the skin. The human 
barrel therefore becomes temporarily rifled with a simple 
type of mechamcal rifling. It is however rifled also with its 
own human riflings. Ideally, the mechamcal rifimg should 
fit into the human riflmgs. Thus, the fingers should sink 
into the spiral groove, and the cord should fill the spaces 
between the fingers; but the spiral groove is much too narrow 
for the fingers to fit into, and the turns of the cord are too 
close to rise into the finger spaces. The mechamcal rifling 
IS but a very rudimentary and simple type of rifling, and 
cannot therefore match and fit the very irregular and com- 
plex human riflings. The human and mechanical riflings, 
however, are in contact when the hands make their grips; 
and the mechanical rifling is clearly a form of the human 
riflings and derived and transferred from them (Rules 1, 
3. and 7). 

Sometimes the cricket or hockey player places a rubber 
tube over the cord binding. Two artificial barrels are then 
provided for the handle; and the complete barrel is then in 
three main parts, a human and outer part being formed by 
the hands, a mechanical part by the rubber tube, and another 
mechanical part by the cord binding. The hands force the 
rubber against the cord cylmder; and the rubber is forced 
into the spiral groove which runs round the handle, and the 
turns of the cord press into the rubber. The rubber tube 
flierefore becomes rifled on its outer and inner surfaces. The 
outer surface is rifled with the impressions of the riflings of 
the bands, and the inner surface with the simple mechanical 
rifling impressed from the cord cylinder. 

Several sets of riflings are ther^ore formed on the variou^S 
parts of the barrel of a cricket bat or hockey stick when a 
rubber tube is fitted over a cord binding. Human rifltn^ 
ate formed on the iniler surface of the human barrel forniM 
by tha fingers. These axe transferred in fairly 
tp tjhe outer surface of the rubber tube with 
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arc in contact (Rules 1, 3, and 7). If the rubber is thin 
or very soft, the pattern of the human riflings may also be 
transferred to the inner surface of the rubber tube, that is 
from the outer to the inner surface of the rubber barrel (Riiic 
8). The single spualled groove on the cord cylinder is 
transferred to the inner surface of the rubber tube, as a 
result of the pressure of the hands (Rule 7), The outer 
surface of the cord cylmder itself is rifled by its own spiral 
groove, and its inner surface is also rifled with the same 
rifled groove, the outer and inner riflings being transferred 
copies of each other (Rule 8). If the cord is unwound from 
the handle, often rifled impressions of the cord can be seen 
on the handle, often in the wood itself, but often also m the 
bits of gum left sticking to the handle, when as is usual, gum 
IS used to help to hold the cord binding in place. 

The processes of transference of parts and devices of 
weapons have some analogies to the processes of transfer* 
ence of electrical charges. Thus, in the experiment with the 
apparatus known as “ Faraday’s butterfly net ”, an electrical 
charge can be transferred to either surface of the net at will. 
The net, which is made of linen gauze, is furnished with two 
silk threads to allow it to be pulled inside out in either 
direction. By puUing one silk thread, the chatge can be at 
once transferred from one surface to the other, but always 
from the inner to the outer surface. Electrical actions can 
be transferred also from one end of a wire to the other, as 
for example when a telegraphic signal is transmitted or 
transferred along a wire. It will be shown later that an 
offensive action can be transmitted or transferred somewhat 
similaily along a rope or along the trajectory, from one end 
of the rope or trajectory to the other. The study of weapons 
however has not been sufficiently advanced by the author 
for him to be able to say if there is a fundamental connec- 
tion between ^ectrical and offensive phenomena, or if laws 
can be formulated to describe both types of phenomena. 

Sometimes the grip or handle of ^ cricket bat, hockey 
stieJe, baseball baj, lawn, tennis racket, or other ’imjplement 
in games^ i$ doVe^ wjth a length of adhesive or 
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gummed tape. The tape then forms a type of artificial and 
cylmdncal barrel; and grooves, usually of a very irregular 
pattern, are formed by the turns of the tape, and are types 
of rifimgs. If the tape is soft or sticky, the pattern of the 
human r ifling s of the hands may be transferred to the outer 
surface of the tape barrel (Rules 1. 3, and 7). 

Types of mechanical barrels and riflings somewhat 
resemblmg those on cricket bats and hockey sticks whose 
handles are covered with cord and rubber, are occasionally 
found on spear shafts. For example, two German boar 
spears, of about 1600 A.D., in the Wallace Collection in 
London, have their hafts “plaited with leather thongs 
secured by round-headed nails, and partly bound with red 
velvet.”® The velvet forms a barrel, approximately cylin- 
drical in shape, over the plaited leather thongs; and rifimgs 
are formed by the grooves between the turns of the thongs. 
The riflings become transferred to the interior of the velvet 
barrel as the hands make their grips. The mechamcal riflmgs 
impressed on the mside of the velvet barrel are not in contact 
with the fingers which are placed on the outer surface of 
the velvet. They are therefore in a transferred position, and 
are transferred from the outside to the inside of the mecham- 
cal barrel, that is from one side of the barrel to the other 
(Rule 8). They are very imperfect copies of the human 
riflmgs; but probably reproduce very distantly some of their 
characteristics. Similarly, when a rubber tube is placed over 
a cord binding on the handle of a cricket bat or hockey stick, 
the mechanical riflmgs formed by the spiral groove of the 
binding ate transferred from the human barrel to the oppo- 
site side of the tube (Rule 8)> as very imperfect and distorted 
reproductions or extensions of the human riflings. 

A short stabbing assagai occasionally has an artificial 
extension for the barrel of the hand, formed by a piece of 
leather placed round the shaft just where the spear balaoces,^ 
with rudimentary extensions for the human riflings fonhed 
by turns of the wire-like hair of an elephant’s tail placSd i^t 

fi Wallace Oolleetloit Cstalogue, Baropeatt Arm md Nos. 

347 , 349 . 
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each end of the mechanical barrel The hairs secure the ends 
of the bindings to the shaft, and are ornamental additions, 
but also are embryomc mechamcal rjflmgs Several wide 
mgs of the same matenals decorate the shaft of the weapon, 
“and all of them are like the well known “Turk’s head” 
knot of the sailors ” i Accordmg to Burton many African 
spears ate “ornamented with twists of brass and coppei 
wire.” The wire bmdings serve as ornaments, but rifling 
devices are formed by them, which have some resemblances 
to those formed by the cord bindmg on a cricket bat or 
hockey stick. 

Riflmg is sometimes formed by bindmgs placed spnrally 
round the shaft of a weapon. An English bill of about ISIS 
in the Wallace Collection has its shaft boimd with spirally 
twisted red and brown brocade, and riflings are formed by 
the turns of the brocade. ^ 

When the maker of a spear type of weapon does not pro- 
vide mechanical riflmg devices, he sometimes represents 
them by paintmg a spiral or several spirals along the shaft. 
Thus a tilling lance m the Wallace Collection has its shaft 
“pamted red with a spirally-curved band of white and 
another one has its shaft “ painted with spiraUy-curved bands 
of red and white.”™ A pike also has its “haft painted with 
red and white bands spirally-twisted.” “ The pike’s haft 
apparently somewhat resembles a barber’s pole, which for- 
merly "indicated the ribbon for bandaging the arm in 
bleeding.” ^ The basin slung at the end of the pole indicated 
the basin to receive the patient’s blood. The pole is evidently 
a type of arm, and therefore is related to the pike’s shaft 
which it has been explained is a mechanical extension for 
the wielder’s atms. 

Straight grooves along the length of the shaft ate found 
on many tidtiog lances, and as many as eight to twelve deep 
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flutings or grooves may be provided. The lance mentioned 
above which belonged to the Duke of Suffolk has twelve 
deep flutings extending some 6\ feet towards the head. The 
grooves, although straight, are types of riflings, as can be 
understood from the fact that gun barrels before makers were 
able to twist the grooves to spin the missile often had straight 
grooves. Twisted grooves of guns have been developed from 
straight grooves which therefore are mechanical prototypes 
of twisted grooves. 

The hand is not placed on the shaft of the tilting lance 
when in action, but round a qsecial grip usually cylindrical 
in section and smooth; but at other times may be placed on 
the shaft An illustration in Pluvinel’s Instruction du Roi 
shows a knight m full armour with his hand on the fluted 
shaft of a tilting lance, the shaft having very deep flutings, 
apparently four in number. 

Any shaft having a square, pentagonal, hexagonal, or 
octagonal section, is automatically provided with riflings; 
because each ridge impresses an angular groove in the skin 
and flesh of the hand as it holds the shaft If the shaft has 
a square section, four grooves are impressed on the interior 
of the human barrel; if it has a pentagonal section, five 
grooves are impressed; and so on. For a handle of square 
section, the angle in the rifled groove is 90 degrees; for a 
handle of pentagonal section, 108 degrees; for one of 
hexagonal section, 120 degrees; and for one of octagonal 
section, 135 degrees. 

It can now be seen that the rifling devices formed by the 
hands are reproduced by the bindings or other devices on 
the shafts of spears. The patterns of the human riflings are 
reproduced fairly closely sometimes, as when the grip is 
covered with a rubber or skin tube which is soft enou^ to 
receive the impressions of the human riflings as the hands 
make their grips. But the impressions on the lubbhr or sltin 
tnbe disappear when the hands are removed. Perma^fiwir^ 
riflings which correspond less dosely to their lwiiiaJif|^dm- 
^ formed fcjy the sjpital groove between' Wtms of 'a' 

> ^rd‘^«tdilfl®!i‘ot By the irttigtiar groove in ^4g/l:^dWg|',f 
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Permaneat riflings which correspond with much fidelity 
to the human riflings cannot be made on spear shafts, lor 
the hands seldom make their grips more than once at exactly 
the same places; and the positions of the hands may change 
during the wielding movements. Also the pattern of the 
(wielder’s hands is not always available to the maker, and a 
pattern which suited the hands of one wielder would not suit 
those of another wielder. Also, the human riflings can be 
varied in forms and, except when soft materials are placed 
round the shaft, the mechanical devices cannot oe made to 
possess the property of varying to correspond to the varia- 
tions in the forms of the human riflings. 

Furthermore, the bindings or patterns on the shafts or 
handles of weapons often reproduce the chequerings as well 
as the riflings of the hands. The skin of the hands is 
covered with a multitude of creases and fine lines. One of 
their purposes is to help the hand to obtain a good grip of 
any object being held; and they serve much the same pur- 
pose as the treads of rubber tyres in giving a good grip of 
a surface. Chequerings as well as riflings are, of course, 
reproduced on the rubber coverings of cricket bats and 
hockey sticks. The chequering and nfiing devices are not 
often separately mechanized on elementary weapons like 
spears and clubs; and it is therefore usually very difficult to 
distinguish the two devices. Occasionally only the rifling 
devices are copied. Thus, obviously only the rifling devices 
are.copied by the spiral band or line painted on the shaft of 
a tilting lance or pike, for the band or line has none of the 
criss-cross or irregular patterns characteristic of the human 
chequerings. Only the rifling devices also are copied in 
the sin^e spiral groove that runs round the cord binding 
on a cricket bat or hockey stick handle. Possibly, only 
the chequering devices are reproduced by plaited bind- 
ings add by criss-cross cuts or markings on shafts or 
handles. 

It is cliear therefpre that mechanical riflings on some shafts 
and handle? qotresipond very dosely and on offierS very 
I r^nottly to, Jl^eic htiroan prototypes. They vary from the 
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almost exactly reproduced inverted copies of the human 
riflings formed temporarily on rubber grips or semi- 
permanently on gum covered grips to the merely symbolical 
riflings formed by a spiral painted on a shaft. They range 
from the very irregular and complex forms reproduced on 
rubber tubes to the regular and simple form reproduced 
when the handle is covered with a single length of cord 
wound spirally round it. And they vary from forms which 
obviously reproduce human riflings to forms where 
resemblances cannot easily be seen. 

Distortion no doubt is responsible in many cases for 
divergencies of the mechanical riflings from the forms of 
their human counterparts. But certain limits are imposed 
on the degrees to which the rifling devices or diequering 
devices can be distorted; for the makm: must make the 
bindings or other devices surround the shaft and follow its 
form, and he therefore must make them so that they lie on 
the inside of the human barrel. 

Besides forming rifling and chequering devices, as has been 
said, the hands also form clasps. Some simple facts about 
the riflings and chequerings have been pointed out; and it 
has been possible to discover the facts because on some 
types of weapons the devices are partly mechanized. But 
the clasp devices are not mechanized, and although they can 
be seen to be formed, little can be learnt about them from 
direct observations of spear and club machines. The hands 
form other devices also. They form, for example, trigger 
devices and trigger spring devices. These devices cannot 
directly be studied; but after studying the locks of bow and 
arrow, crossbow, and gun machines, some elementary 
knowledge about them can be obtained. It may be men- 
tioned that the trigger devices and the trigger spring devices, 
although formed always when a spear shaft is grasped, are 
not operated, unless the spear is released or thrown. It is 
nnlikely that more than a very few of the devices formed 
by the hauds as they grasp the grips of weapons have yet 
been mechanized, and it is improbable therefore that their 
existences can he realized. ' 
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The tiltmg lance was blunted as early as 1252^^ to try 
and minimize the danger of accidents, ^on afterwards the 
head was often provided with three or more short points, so 
that it somewhat resembled a coronet; and this type of head 
became known as a coronel. A lance with several short 
points besides being less likdy than one with a single pomt to 
find an opening in an opponent’s armour has a certain amount 
of “bite”, and is not so Ukely to slip off the opponent’s 
helmet or shield as one with a blunt head. The several 
points of the coronel form types of short mechanical fingers; 
and smee they are at the end of flic shaft opposite the juster’s 
fingers, it is evident, by Rules 1 and 8 that they are trans- 
ferred mechanical extensions of the juster’s fingers. A 
coronel with three or four fingers can “grasp” or obtain 
more bite on an opponent than a single pointed head, in much 
the same way as ^ee or four human fingers can grasp an 
opponent better than a single outstretched finger or device 
formed by all the fingers brought to a point can grasp him. 
The head of a lance with one point only is a mechanical 
extension of the device formed by a finger, probably the 
forefinger, pointing at the opponent as if to thrust at him. 
or of the device formed by all the fingers brou^t to a point 
and used as a thrusting device. A blunt head of a lance is 
a distorted mechanical extension of the fist, or more pro- 
bably of a knuckle. A coronel is a mechanical extension of 
the device formed by several fingers formed as if to thrust 
at and ’‘bite” on an opponrart. Each mechanical device is, 
of course, in a transferred position, and separated from the 
wielder’s fingers by the length of the shaft. 

^Sir Clay Lakiog, Bt, CB., M.V,0., F.S.A.> European /Irmowr 
an4 Arms, 
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THE SWORD 

A SLASHING weapon can be formed by the hand and 
forearm, or hand and whole arm. This human 
^ weapon is probably the prototype from which the 
slashing or cutting sword has been developed. 

It is difficult to notice correspondences between the human 
slashing weapon and the sword from resemblances of shapes, 
unless the sword is leaf shaped as is the case so often in 
Bronze Age and Early Iron Age swords. But since a weapon 
cannot have any movements or actions of its own. and since 
aU its movements and actions are merely continuations or 
extensions of those made by the wielder, some help in 
deducing correspondences can be obtained by studying the 
actions of the arms when a sword is being wielded. 

At the moment a cut or slash is being made with a sword, 
usually the atm is fully outstretched, and sword blade and 
wielding arm are in one line. This reveals that the blade 
forms an extension for the arm. A cut or slash cannot be 
made effectively with a sword without a “draw”. This 
applies to all cutting instruments. If a razor edge is made 
to hit the palm of the hand no harm may be done; but if 
it is drawn across the palm even very sli^tly it will pro- 
bably cut the skin. Circular saw and chaff-cutting blades are 
made circular so that the principle of the draw can auto- 
matically be used so that the blade will cut and not bit. 
European swords are mostly straight, but Eastern swords am 
more often curved so that automatically they will draw along 
the opponent and cut and not merely bit him. The 
European is advised in manuals on swordsmanship to have 
the atm as fully extended as possible when the cut or &lash 
is begun so that a draw must almost inevitably resudi aa/the 
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aclion coiiuiiue& ‘ (I is lo be observed that the draw is made 
piiraanly by the arm and is communicated to the sword 
blade; and when a cut or slash is made the mechanical 
extension merely continues and extends the actions of the 
arm. Also, since the blade is distorted so that its side is 
reduced to a line edge, the cutting or slashing actions of the 
side of the arm which are very small are enormously 
magmfied. 

The power to distort the blade or mechanical extension of 
the arm has been obtained only after the resources and in- 
genuities of weapon makers have been exerted for centuries; 
and It was only after the use of metals that it became possible 
to distort and magnify the slashing powers of the arm to any 
great extent. 

Wooden swoids are made; but these allow the cutting or 
slashing powers of the arm to be very little magnified. The 
wooden sword is mdeed often used as a club. It is not 
possible to make and keep a wooden edge very thin and 
sharp; and until metal was used for swords little progress 
was made in magnifying the catting and slashing powers of 
the wieldmg arm. A wooden sword probably smashes rather 
than cuts, much as an arm might do. and H, S. Cowper 
remarks, “ ... the wooden or bone swords which travellers 
have told of. are in reality only either edged dubs meant to 
inflict a gashing blow, or else mere copies of European 
swords of metal.” 

A sword with a point and an edge combines the principles 
of the spear and the cutting edge, and is really a double 
purpose weapon, in somewhat the same way as a halberd is 
a many purpose weapon; but the point and edge combine 
rather more successfully in the sword than in the halberd. 
But a double purpose weapon is seldom or never thoroughly 
satisfactory; and Ffoulkes remarks that " it is remarkable to 
find that aftw many hundreds of years of experiment the 
swordsmrth has failed ... to produce a sword which is 
eiiually perfect for the cut and for the thrust,” and later 

* llxe Rt. Hon, The Lord Eeadley and C. PhiUippa-Wolley, Broad- 
mord and 

*Tbe Art of 
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adds, “a really practical cut and thru&t sword is a urcam 
that can never be realized.” ^ 

The hilt, or grip, of a sword is usually m the same line 
as the axis of the blade. When the sword is fully drawn back 
over the head, the blade may be about at right angles to the 
line of the forearm, but is turned through a right angle by 
the time the cut or slash is made. The grips of some swords 
like the Indian katars are fixed at right an^es to the blade, 
and therefore are at right angles to the line of die forearm 
as the thrust is being delivered. The katar is used only for 
thrusting, and the thrust is given at right angles to the barrel 
of the hand. 

H. S. Cowper believes the pata has been developed from 
the knuckleduster by way of various types of katars. If his 
theory is correct, the point of the katar is a much distorted 
artificial knuckle brou^t to a point. Parts of the hilt of 
the katar, formed by the side bars, are parallel to the blades. 
The gauntlet is a defensive contrivance corresponding to the 
skin of the hand, wrist, and forearm. 

The reader will of course understand that one type of 
weapon does not develop from another type; but sometimes 
it is possible by studying weapons without reference to the 
machinery of the body which wields them to see some sort 
of evolutionary process at work. Thus, as H. S. Cowper has 
pointed out, it is possible to see some sort of evolution of the 
pata from the knuckleduster. Many other students of 
weapons have tried, without taking into account the comple- 
mentary parts of weapons formed by the body, to trace the 
evolution of one type of weapon from another type. But 
when no account is taken of the complementary parts of 
weapons formed by the body, inevitably attempts to show 
that later types of weapons have evolved from earlier typos 
fail because the “ missing links ” formed by parts of the 
body cannot be found. When weapons are studied with 
respect to the wielding machinery of the body, all the 
“ missing liiiks ” between the different types of weapons can 

- 1 * 

5 Charles Ffoulkes, C.B., O.B£., O.ST.J., Hcm.D.Litt.' (CbEoa^, 
Arms and Armament. 
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easily be found, or more correctly there are no such thmgs 
to be discovered as “ missing links 

The barrel for the hiit of a sword is foimed by the fingers, 
and in mnch the same way as for the shaft of a ihrnstmg 
spear. The breech is formed by the mam part of the hand, 
the palm formmg the inner surface of the breech. If the 
sword IS a one-handed sword, the barrel and breech are 
formed only by one hand directly, but if it is a two-handed 
sword by both hands directly. 

The grip is often approximately cylindrical, but sometimes 
swells towards the middle, so that it is of larger girth there 
than elsewhere; and a type of barrel is then foimed which 
IS intermediate m type between the spherical type formed 
when the hand holds a ball shaped weapon and the cylin- 
drical type formed when it holds a weapon with a cylmdrical 
grip. When the hand holds a cricket ball, tenms ball, golf 
ball, croquet ball, bowl, billiard ball, marble, athletic shot, 
or other spherical weapon, it automatically and necessarily 
forms parts of a sphere, but when it holds a halberd, pike, 
thrustmg spear, javelin, arrow, loggat, cricket bat, hockey 
Stick, or other weapon with a cylindrical grip, it forms parts 
of a cylinder. The barrel for a sword, whose grip swells 
towards the middle, has therefore some of the features of a 
spherical and of a cylindrical barrel. If the swelling is very 
pronounced, features of a spherical barrel are better pro- 
duced and features of a cylindrical barrel less well produced 
than when the swelling is not so pronounced, 

' The barrd for a dub whose grip swells towards the middle 
similarly will have features both of a spherical and of a 
‘cylindrical barrel. Thus, the barrel for the life |)resetver 
^Own in Figure 10 will have features of a spherical and of 
a (^lindrioal baiirel. 

The gri|i of a dagger is sometimes cone-shaped; and the 
interici; bf,;th6 htunafi barrel takes the shape of a cone when 
this ty]^ bdd, Coifica^ bauds am also Wmed 

to hold ^ goK) mallet; billiard odfc, anSd other 

1 ^^ of i)^i|b<<^oal shafts br^bafidlbSt , ) 

Method^ ,the bauel for ihe*IiSltbf''a s^otd 
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follow faiily closely those used for mechanizing the barrel 
for the shatt of a thrusting spear. A tube extension for the 
human bairel may be provided by covering the hilt with 
leather, fish skm, canvas, linen, velvet, horn, or other similar 
types of materials. A tube barrel is also commonly formed 
by a cold or wire binding; and the mechanical part of the 
barrel is then, rilled by the sphal groove between the turns of 
the cord or wire. The tube formed by a cord or wue is 
rifled both on its outer and inner surfaces, and if the hand 
is placed on it, the mterior of the human barrel receives 
impressions of the spiral and becomes rifled with the mech- 
anical rifling as well as with its own human riflings. The 
mechamcal riflmg does not match or fit mto the human 
riflmgs, and is a very rudimentary and crude reproduction 
of them. The hilt may be covered both with a cord or wire 
binding and with a smooth tube of leather, fish skin, or other 
matenal; and the cord or wire binding is sometimes over and 
sometimes under the smoother tube. When the cord is 
wound over, say a fish skin covermg, the fish skin coveiing 
becomes rifled on its outer surface by the cord, and the 
human barrel also becomes rifled by the cord. When the 
cord is undei the fish skm, the fish skin tube becomes rifled 
on its inner surface, and on its outer surface receives im- 
pressions of the human riflings. 

The hilt of a sword is sometimes left bare; but the wood, 
bone, horn, steel, or other matenal of which it is composed, 
is often fluted or grooved, and the flutes or grooves form 
types of riflings. Wide grooves to receive the flngeis are 
made on some grips, each finger having its own groove, and 
attempts are then obviously made to reproduce mechanical 
Counterparts for the human riflings, for the fimgeis fit 
into the grooves, and the ridges between the grooves fiB 
or partly fill the spaces between the fingers. If the grip is 
hollow, the hollow of the fist is reproduced within 
barrel. 

The hilt is sometimes circular m section, 
square, oval, hexugpnal, ot octagonal in secfic;^ or .h^ej a 
Section of some other siniifie geometrical s^fpe,^^ 
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say, an octagonal section automatically tifles the human 
barrel with eight grooves. 

The pommel, or knob at the end of the hilt, is nearly 
always well formed. The pommel, which derives its name 
from a fanaed resemblance to an apple, is a mechanical 
reproduction of the fist transferred to the butt of the weapon, 
and lies agamst or nearly against the fist. 

The human fist is deeply fluted on its outer surface by the 
grooves between the fingers. It has some remote resem- 
blances to a baU. With the wrist it has some resemblances 
to a pear or a fig. The part of the fist between the wrist and 
lower knuckles is somewhat cone-shaped. Looked at from 
the palm side, the wrist and fist have a marked resemblance 
to a fish’s tail. The fingers form types of disks placed 
parallel and agamst each other. All these and many other 
peculiarities and features of the fist are commonly repro- 
duced by the pommels of swords and daggers. 

The pommel is often approximately in the shape of a ball; 
and is often fluted or grooved. The butt of a pistol also 
often ends in a ball, much like the baU pommel of a sword, 
to which it is closely related. The pommel often takes the 
form of a pear or fig or fish’s tail, and is nearly always then 
fluted or grooved. It often takes the form of a wheel or one 
or two or three disks. Thus a German dagger in the WaUace 
Collection has “ a circular pommel composed of three disks 
— the bottom one of brass, the middle of sted, and the top 
of copper gilt.”'» These disks, since the pommel is a 
mediaoical copy of the fist, are clearly copies of the disks 
formed by the fingers of the fist, distorted into the regulat 
forms of disks. They are thaefore related to the disks of 
the ancient Greek caestus; but the leather disks of the 
caestus correspond more closely in materials to the materials 
of the human disks than do the metal disks ot the dagger. 
The caestus disks compared with the pommel disks arc 
turned through a ri^t angle (Rule 10). for they Ue approxi- 
mately in the plane that mcludes the axis of the barrel, but 
the disks of the pomtfiel Ucj in plsines at right angles to tho 

Oatafiigua, JSitrapean Arntf and Atmour, 1924, No. 114, 
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axis of the humaa barrel. The pommel reproduces the cone- 
like form of the lower part of the fist when it is made in the 
form of a cone. The cone is sometimes inverted or reversed 
(Rule 11). If it IS made of hexagonal or octagonal section, 
sa or eight riflmgs are formed by its ridges. These ridings 
art not impressed on the human barrel when the grip is held, 
but are impressed on it when the pommel is hdd. 

The pommel often ends m a button. The button is an 
embryonic mechanical knuckle transferred to the side of the 
pommel opposite the human fist (Rule 8). In the club 
machine usually the greater part of the mechanical extension 
of the fist is transferred to the end of the mechanical exten- 
sion of the arm to form the head of the club, but a small 
part may be transferred to the butt of the grip to form a rim 
or knob which helps to prevent the club slLppmg through the 
hand. The fist of the sword cannot be so transferred, or the 
sword would have a large knob at its point and could not 
then be used to give a thrust or cut. But a small portion of 
the mechanical fist is transferred to the point when a button 
is placed on the point of a fencing foil to prevent injury to 
an opponent. The button on a pommel is therefore evidently 
related to the button on the point of a fencing foil. The 
button on a fencing foil is at the point end of the weapon : 
that on a pommel at the hilt end. 

The quillon, or bar projecting from the sword where hilt 
and blade meet, is primarily a defensive and not an offensive 
device. Its human prototype can be easily discovered, by 
considering its use. It serves to protect the swordsman’s 
fingers and hand and forearm from his opponent’s cuts or 
slashes, and guards his body in somewhat the same way as 
the left forearm of the wldder of a singlc-stick or cudgel 
guards his body. It is therefore a type of mechanical left 
forearm. It is at right angles to the mechanical extension of 
the right arm, formed by the blade. 

The wielder of the fists, boxing gloves, single-stick, ctidgcl. 
shtllalah, walking stick, or umbrella, often u^es bis 
fotearm to party the cut or blow of the opponeptj an4 dtijflss- 
jRtohly the device formed by the left forearm is at^^^hhglcts 
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to the axis ol the weapon or to the direction given by a blow 
from the fist or glove. It is also at right angles to the barrel 
of the left fist, and when mechanized is at right angles to 
the bairel holding the hilt The old time wielder of the 
single-stick or cudgel made a kind of fixed parrying device 
of his left forearm, which could not then move relatively to 
his body, by passing a scarf, tied into a loop, under his left 
leg and holding it tight with his fingers, so chat the left 
elbow was always about the height of his head with the left 
forearm guarding the left side of his head and body.* 
Although his arm may have been tough enough to stand the 
whacks of a single-stick or cudgel, no forearm can stop the 
cut or slash of an edged weapon; and a guard formed by a 
human device is unsuitable for use agamst the swordsman. 
So the swordsman mechanizes the left forearm in the form of 
the quillons. and the mechamcal extensions of course can 
guard him against an edged weapon. Since the quillons are 
defensive devices, they are not edged as the blade is edged. 
They are often fluted or twisted spirally, and often also end 
in knobs which are rudimentary forms of fists transferred 
to their ends. The elbow is often represented and repro- 
duced m mechanical form by the bend in the quillon. The 
quillon has an offensive use when a finger is placed over it, 
to secure the hilt more firmly to the hand and the more 
easily to direct the edge of the blade for a cut, A study of 
quillons however bdongs more properly to a study of 
armour than of arms. 


The blade of the sword it seems is usually a mechanical 
extension of the hand and arm. The mechanical extension 
of the hand can fairly evidently be semi in the wide part of 
the leaf-shaped sword common in the bronze age and in 
early Greek times; and the mechanical hand is at the 
opposite end of the ^word to the human hand. The position 
of the ektensicfn of me^hand, if ihe hand is ipeehanizecL on 
a, stc»f#t edged is dififeult to disc^over, Th^ blaoe o^ 
,a it!<ord is tjsoi^ty id two pairts, fite fOfte ne%icec 


*‘PoT 
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the hilt and foible nearer the point, but there may be 
nothing to show where these parts meet. The two parts 
possibly are extensions of the forearm and upper arm, but 
this cannot be slated with certainty. Possibly also the 
mechanical extensions of the forearm and upper arm are 
reversed on some swords compared with their positions on 
other swords. The hand is almost certainly mechanized as 
the part of the blade near the hilt on the cinquedea, because 
the width of this part of the blade is supposed to be the 
width of five fingers of the widder. The cinquedea is a type 
of weapon intermediate between a sword and a dagger, with 
a blade widest nearest the hilt and of a somewhat triangular 
shape, the apex of the triangle opposite the hilt forming the 
point. According to Laking, “its very name has reference 
to its form, the word cinquedea or sanquedea being derived 
from two Italian words, cinque — five, dho— fingers; ... for 
it will generally be found that the blade of the cinquedea is 
from three to four inches wide at the hilt.”i 

Because the dimensions of parts of weapons are related to 
those of their human count^parts. it should always be 
possible to state the dimensions of any part of a weapon 
with reference to its human counterpart. A natural system 
of measurements would then be used, which would have 
the property of varying its units to suit the dimensions of 
each person. To say the width of the cinquedea’s blade 
should be equal to the width of the five fingers of its wieldet 
is to use a natural system of dimensions of the greatest con- 
venience, for the system allows for the variation in the width 
of the blade to suit each person’s dimensions. The width of 
the blade cannot be slated in any system of measurements 
with fixed units; and a system with ^ed units cannot allpw 
for each person’s different dimensions, except by vagueness 
of statements as for example by saying the blade should be 
from three to four inches wide, or by the complio^ted 
process of using different measurements for each per^on^l ' 
it is said that the blade should be equal to the Width^’o^l^e 

5 sir Ouy Wking, jBt., C-B., M.V.O.* f .S.A, 
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five fingers, no one is in doubt about the width the blade 
should be made to suit himself. 

Even in the present small state of our knowledge of 
weapons, it is frequently possible to state the dimensions, 
powers, positions, and other characteristics of parts of 
weapons in the natural system with some degree of accuracy 
and often quite acciuately. Thus, the distance between the 
two rings of a knuckleduster can be stated as equal to the 
distance between the forefinger and little finger; and this 
statement gives each person the right measurement for the 
distance between the rings. The distance cannot be given in 
the British or metric systems, whose units cannot vary, 
except by stating the distance separately and differently for 
each person. The gicth of the interior of the Greek caestus 
is equal to the guth of the hand. The girth of the interior 
of the thongs of the caestus wound round the wrist is equal 
to the girth of the wrist The length of the butt of the rifle 
is equal to the distance between the shoulder and the trigger 
finger. The diameter of the smooth shafted spear is equal 
to the bore of the human barrel. The centre of a ball held 
in the hand is at the centre of the human barrel. The power 
in the bow at any moment during the drawing of the bow is 
equal to the power exerted by the archer’s arms. The blade 
of a katar is at right angles to the axis of the human barrel. 
And so on. 

Similarly, the dimensions of parts of other types of 
mechanicsd instruments can be stated in terms of their human 
counterparts. Thus, the length of the inside of the forefinger 
of a glove is equal to the length of file fbrefinger; the inner 
girth of a hat to the girth of the head; the girth of a stocking 
at any part of the calf is equal to the girth of the calf at that 
part; the girth of the butt of a cigarette is equal to the length 
of the circumference of the barrd formed by the lips; the 
diameter of the barrel formed by the fingers as they hold a 
pencil or pen is equal to the diameter of the pencil or pen; 
and $0 on. , 

Thb natotal syttdn used above and much used throughout 
t||iiiji ti'ork jprdvidea automafically the dfifotent standards 
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of persons shall be allowed for. Every person in the world 
has a different system of units. Furthermore the units of each 
person are constantly changing, as all mothers know. Fixed 
standards systems have the weakness that their units cannot 
vary either together or with respect to each other. They 
therefore do not suit anybody. Since no two persons have 
the same units of measurements, a prime requirement of a 
system of measurements is that its units shall be capable of 
varying automatically to suit the units of each person. The 
natural system, or nature’s system, alone has this unique and 
essential property. 

The best known artificial systems of today are the British 
and metric systems. The British system it seems was in- 
tended originally to be based on the natural system, as the 
retention of words like foot and hand shows. But the lengths 
of the inch, foot, yard, etc., have been fixed, and cannot now 
vary together or with respect to each other. The metric 
system was meant to be the 'ideal system for the mechanical 
age ahead. But its inventors were unaware that the dimen- 
sions of parts of machines are related to dimensions of parts 
of the body; and tried to relate all measurements to the 
length of a quarter of the earth’s circumference. This length 
was incorrectly measured by the inventors, and the units of 
the system therefore are not based on anything in particular; 
and this system is probably the least scientific system in use 
today. 

Systems of measurements based on fixed units can have 
only a very limited use in everyday affairs; and indeed the 
British and the metric systems break down continually in 
trade and commerce. They are therefore commonly ignored, 
and the natural system is used instead. Thus, when a person 
wishes to buy a pair of shoes or a garment, he ignores the 
artificial systenas and demands that his own standards of 
units shall be used. A woman when buying a pair of gloves 
ignores ihe British or metric system; and adopts the natural 
and more satisfactory method of trying on a few pairs to 
discover which of them eprresponds roost closely to her own 
system of units. A ^ance at a shoemaker’s or tailor’s note 
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book would show that each of his customers has his own 
standards of units different from those of anybody else; and 
that the shoemaker or tailor is under the necessity of dis- 
covering the units of each customer and of transcribing them 
into the system of fixed units he may use. Often he does not 
trouble to transcribe them. Thus a shoemaker may make 
the sole of a shoe directly from a pattern of his customer’s 
foot traced on a piece of paper or on a board, or the tailor 
or dressmaker may place a garment on the customer and 
mark its lengths to correspond to the standards of the cus- 
tomer, without making any use of the British or metric 
systems. The use of fixed standards systems is indeed a 
main cause of the confusion and difficulties and waste of 
time experienced in shopping, for it is not possible to state 
the length of the sole of the foot, width of the foot, length of 
the arm, girth of the head, or any other human measure- 
ment. in a fixed standards system, and therefore hundreds of 
different measurements must be used in attempts to relate the 
artificial systems to nature’s system. 

Although a little study and refiecdon soon shows that fixed 
units of measurements are responsible for confusion and 
waste of time in everyday affairs, and are unsatisfactory, 
unfortunately our knowledge of nature’s system at present is 
too small for ns to be able to use it to any great extent. A 
study of nature’s system However would in time give hs the 
power of using and applying it; and then great advances 
m^t be made in obtaining knowledge of nature’s works, and 


in avoiding the confusion and waste of time in shopping. 

Since the British and metric systems have little or no 
relationships to nature’s system, they are therefore un- 
soundly based, and their use almost effectually prevents 
investigatipn of natural phenomena, But if nature's system 
is used, the investigation of natural' phenomena becomes a 
fairly simple tnatter. Thus, as sihown in this 'work, when the 
dimensiona of .weapons and other meohanichl contrivances 
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Artificial systems of measurements are crude and 
rudimentary copies of the natural system, or system used by 
nature. The artificial systems are extremely complicated: 
nature’s system is, it seems, very simple — probably too 
simple for us to understand at present. The British and 
metric systems correspond only very remotely to nature’s 
simple and perfect system. Perhaps they are as poor copies 
of the natural system as, say, the spear and sword are of the 
hand and arm As has been said, the units of the artificial 
or mechanical systems cannot vary to suit the units of 
different persons: nature’s units can do so. No doubt in 
tune the artificial systems will be brought to closer corre- 
spondence to nature’s system, or new systems will be devised 
havmg closer correspondences Thus, gradually the con- 
fusion and difficulties and waste of time caused m everyday 
affairs through the use of fixed standards systems may be 
removed. 

The Rules given m Chapter 14 are of much help m dis- 
covering the human prototypes of parts of the hilt of the 
sword. They also help to show that the blade is a mechanical 
exteinsion of the band and arm. But they do not allow it 
to be understood how distordon of the blade to a fine edge 
has been accomplished; and it can at present be said only 
in a general way that the blade is a mechanical extension of 
the contrivance formed by the hand and arm for thrusting 
or slashing at an opponent. But it will probably not be 
difficult for others, in due time, to discover more Rules and 
solve these and many other problems. In the meantime, by 
studying weapons with reference to the human wielding 
machinery and with the help of the Rules that have been 
obtained, the ways in which different types of weapons have 
originated and developed and are related, and more import- 
ant how new types will originate and develop can be knovwi 
in a general way, and sometimes can be known in detail. 



Chapter 18 


STONES THROWN BY HAND 


A ccording to Rule 8 a mechanical part can be 
transferred from one end of a part of the offensive 
^ machine to the other end. A simple example of a 
transferred part is seen in the head of a club, which is a 
mechanical extension of the fist transferred from the hand 
at the grip to the end of the handle opposite the hand. An- 
other simple example is seen in the skin of a modem boxing 
^ove. The skin of the glove is a mechanical copy of the 
skin of the hand, but it does not rest directly on the human 
skin, for the padding of the glove is mterposed between the 
skin of the glove and the skin of the hand; and the skin of 
the glove is transferred from the human skin to the surface 
of the padding opposite the skin of the hand. The padding 
itself is also in a transferred position, for it does not lie next 
to the flesh of the hand, which is its human counterpart, but 
lies on the outer surface of the skin. Since the flesh is on 
the inner surface of the skin and the padding is on its outer 
surface, the padding is a mechanical extension of the flesh 
transferred from the under to the outer surface of the human 
skin. 


iWhen a weapon, say a stone, is retained in the hand 
during the widding actions, the range of the widder does 
not much exceed the reach of his arm. and the trajectory of 
the weapon is short, the trajectory being the line along which 
the stone is moved from its position at the beginmng of the 
delivery of the blow to the point where the opponent is hit. 
If, for example, the stone is brought from behind the body, 
the trajectory extends from the place where the stone was 
at the beginning of the delivery of the blow to the point 
whde the opponent is hit. When a blow or thrust is given 
by^ a weapon wWch is retained in the hand, therefore, the 
tpting part df #ie weapop is moved along its trajectory from 

' 19 $ 
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one end to the other, and is transferred from one end of the 
trajectory to the other, in accordance with Rule 8. 

When a blow is given by a club, two trajectories can be 
observed, one described by the head of the club and another 
by the fist at the grip. One trajectory is similar to the other 
in shape, but that described by the fist is smaller than that 
described by the head and lies within it. If the head of the 
club at the beginning of the delivery of the blow is above and 
behind the wielder’s head, the trajectory of the head is the 
cuive described by the head as it is brought from its initial 
position behind the body to the point where it hits the 
opponent. If the club is swung round the body, the trajectory 
instead of being in a vertical plane may be in a horizontal 
plane, or will be in a plane indined at a certain angle to the 
horizontal depending on the elevation of the blow. 

The curve described by the head of the club is a mechani- 
cal counterpart of the curve described by the hand at the 
grip, and the trajectories described by the mechanical head 
and human fist are dosely rdated. The curve described by 
the head of the dub can be convenienfly called the 
mechanical part of the trajectory, and the curve described 
by the fist at the grip the human part of the trajectory. When 
a club is being widded the mechanical and human com- 
ponents of the trajectory do not coindde. for the mechanical 
part of the trajectory lies outside the human trajedory, and 
is a magnified and often distorted copy of it. 

The mechanical and human components of the trajectory 
often coincide. This happens, of course, when a weapon 
held and retained in the himd. like a caestus or bagbnak. is 
wielded, because the hand and mechanical weapon cannot 
have difierent movements, and the trajectory of the caestus 
or baghnak must coincide with the trajectory of the human 
fist or daws. 

Frequently human and mechanical counterparts describe 
part of the trajectory together, and then the mechanical part 
of the Weapon goes forward and describes a part of the 
trajectory by itsdf. This happens when* fox example, a 
stones is thrown. 
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When a stone is retained in the hand, the hand and stone 
describe the trajectory together, and the hand and stone are 
transferred from one end of the trajectory to the other in 
order to deliver the blow (Rule 8). Thus when a stone is 
held in the hand to club an opponent, the trajectory is the 
curve described by the hand and stone as they are brought 
from behind the body or from over the head to the place 
where the opponent is hit. The human and mechanical 
components of the trajectory coincide during this action. 

'' If a stone is thrown, the hand and stone describe the 
trajectory together from the point where the hand is extended 
behind the body preparatory to throwing to the point where 
the stone leaves the hand. The stone alone then goes the 
rest of the way along the trajectory to the opponent. The 
complete trajectory consists of the part traversed by the hand 
and stone together plus the part traversed by the stone alofle 
as it flies through the air. The part of the trajectory described 
by the stone alone is clearly an extension of the part described 
by the hand and stone together. The human part of the 
trajectory consists merely of the part of the curve described 
by the hand; the mechanical part consists of this part of the 
curve and also of the part described by the stone after leaving 
the hand. The mechanical part of the trajectory therefore 
coincides with the human part at the beguming, but after 
release of the stone is merely a mechanical extension of the 
human part (Rules 3, 4. 5). 

In technical language, the act of throwing a stone at an 
opponent or target consists in transferring the stone from one 
end of the trajectory to the other, that is from the end near 
the thrower to the end near the opponent or target For the 
action to be effective, the opponent or target must be at the 
end of the trdjectpry. 

The trajectoxjy is formed by a material line when a harpooh 
With hne fastened/ to It is thmym. When the harpoon is 
titrowh, one the liae is retained in the Wd. and the 
hairpooti does n^^hecopw dis0o9ne0t^ from ihe wielder’s 
'tody. As the h^^^^^tbjttwn^ tho^e forms tlifei^tj^jectotj/ 
yhiiOhis ma^ieMtbSi^'W.mhniehfe, 
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loses its shape; and the way the harpoon is transferred from 
one end of the trajectory to the other can be well seen. It 
can, of course, be transferred only from one end of the 
mechanical trajectory to the other, and could not be trans- 
ferred to a position say half or one third of the way along it. 
The wielder’s hand is at one end of the trajectory and the 
object hit is at the other end. 

Since transference of the missile along the trajectory takes 
place in accordance with Rule 8, the trajectory must be 
regarded as part of the offensive machine. It forms a link 
between the wieldcr and his opponent or target; and when a 
missile hits an opponent, the thrower may be regarded as 
transferring it to the opponent by way of the trajectory. 

Some understanding of the degree to which mechanization 
oi a human part or action allows the part or action to be 
magmfied or extended is given by considering the degree to 
which the cords of the arm can be given mechanical exten- 
sions by means of the cords of harpoons. The cords of 
harpoons used by whalers may be several miles in length. 
Mechanization thus allows the cords of the arms to be 
extended almost indeffnitely, and to be magnified also in 
strength. Therefore it need not now surprise us that makers 
of swords and spears, for example, have been able to extend 
and magnify the cutting or slashing or thrusting powers of 
the arm or fingers by givmg their extensions such thin and 
keen and sharp and strong edges or points. 

The portion of ground between the wielder and his oppon- 
ent or target must also be regarded as part of the offensive 
machine, as can be understood from a study of the part it 
plays in an offensive action. Suppose a long plank floated 
on water with the wielder standing on one end and his 
opponent at the other end. When the widder threw his 
missile, the plank would begin to move in the direction from 
the opponent towards the widd^, due to die backward push 
exerted by the feot of the wielder as he threw the missile. 
The backward momentum at the plank and wifilder add 
opponent together yi'oujd by el^andntary dynamics b^fejmctly 
equdifo tltd mbmehtijmrforwaird of the thjs 
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missile hit the opponent, the momentum of the missile would 
be imparted to him, and would cause the plank to reverse its 
direction, until it came to rest in the original position; it 
being assumed for simplicity that there was no resistance to 
the movements by the water or an. 

The throwing of a missile therefore, it can be seen, has 
effects on the plank connecting the wielder and his opponent, 
which can be known and calculated. When, as is usual, both 
wielder and opponent are on the ground, the ground behaves 
in a similar way to the plank, but because of the great mass 
of the earth no movement of the ground can be observed. 
When a missile is thrown, however, the motion of the earth 
is affected. Thus suppose the opponents stood along a 
parallel of latitude. When a missile was thrown by one 
towards the other, the movement of the missile while it lasted 
would slow down or quicken the rate of revolution of the 
earth. When the missile hit the opponent, or ground in front 
of or behind him. the increase or decrease in the rate of the 
earth’s revolution would be stopped and reversed, and no net 
increase or decrease would result. These facts are of course 
known to every student of dynamics, and need not be fur- 
ther elaborated here. But a study of them shows that the 
groimd between two opponents must be regarded as a part 
of the offensive machine. 

The reactions of the ground on the feet are brougnt into 
great prominence during a tug-of-war. The reactions of the 
ground on the soles of the feet of the men must come into 
play so that the tug-of-war can be held. A tug-of-war could 
not be held on a smooth surface like ice, for friction between 
the soles of the feet and the ground is necessary for the power 
of the men to come into action. The tension in different 
portions of the rope at any moment depends not only on the 
forces exerted by the hands but also on the forces exerted 
by the ground on the soles of the feet. 

The reaction of the ground plays a necessary and import- 
ant part when any weapon is being wielded, ^en the shot 
or javelin or hammer or wei^t or other missile is being 
thrown the force exerted by the soles of the feet, i.e., the 
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l)uti end, on the ground away from the target is equal to the 
force with which the missile is thrown. It can readily be 
understood that the nature and state of the ground on whicli 
a tug'Of-war is held affect the actions and movements of the 
teams. When a tug-of-war is held in accordance with some 
competition rules, heels, spikes, bars, or other similar devices, 
may not be fitted to boots or shoes, and therefore when the 
ground is slippery the pulling motions are performed wuh 
more difficulty than when the ground is not slippery. When 
a tug-of-war is held on hard, firm soil the movements of the 
teams are different from their movements when one is held on 
soft yielding ground. 

The nature of the ground between a wielder of a weapon 
and his opponent or target affects his actions and movements. 
According to W. M. Smith, “The nature of the turf and 
subsoil has a great deal to do with the length of an atulete’s 
throw. On firm, wiry grass, forming a spongy turf, resting 
on porous subsoil, an athlete, other things being equal, will 
put the shot better than on soft grass on close, rich soil.” ’ 
Players of the game of cricket pay great attention to the state 
of the ground between the wickets, and the condition of the 
pitch during the course of the game is a matter of concern 
both to the players and the spectators. 

The trajectory and the ^ound act in a manner somewhat 
analogous to the manner in which an electric wire and the 
ground act when a current is teansmitted. The ground can 
be used as the return circuit when a current is sent along a 
wire, that is when an electric action is transferred from one 
end of the wire to the other (Cp. Rule 8). The trajectory 
somewhat similarly can be regarded as the means by which 
an offensive action can be transmitted, and the ground as the 
return circuit for the action. 

When a stone is thrown, a mechanical counterpart of the 
SsL or of part of the fist is thrown. When a club is thrown, 
mechanical counterparts of the wielding arm and fist arc 
thrown, or transferred to the end of the trajectory opposite 
the thrower- Many machines throw only a part of a weapon, 

t The Athletes and Athletic Sports of Scotland, 
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Thus, the bow and arrow machine throws only the arrow; 
and the bow and strings are not thrown. The rifle machine 
throws only the bullet, and the rifle itself is retained in the 
hands. The whole of the mechanical weapon is therefore 
transferred along the trajectory by some machines, but parts 
only of it are transferred by others. 

The offensive machine is only slightly mechanized by 
means of a missile stone; and therefore little can be learnt 
about the stone throwing machine by direct study of its form 
and actions. 

It can be noticed, in a general way, that the form and 
actions of the machine depend largely on the size and shape 
of the stone. Types of missiles vary from a small pebble to 
the 161b. stone ball of the stone putter or the heavy boulder 
thrown by the ancient Greek athlete. The actions of the 
thrower of a small pebble are very different from those of 
the stone putter; and it is clear that variations in the weight 
and shape of the stone profoundly affect all the mechanisms 
of the machine. Fundamentally, however, the actions and 
movements of all types of the machine are the same. 

When a small roundish stone or ovoid pebble is being 
thrown, it is hdd by the first fingers and thumb which repro- 
duce the shape of the pebble where they are in contact with 
it. When a 161b. stone is being putted, the missile is held 
more against the palm and against the parts of the fingers 
near the palm. 

As has been indicated, the human prototype of the mech- 
anical barrel is the barrel device formed by the fingers as the 
hand is clenched to form a fist. The human prototype of 
the mechanical breech is the pouch device formed by the 
palm. 

A small stone therefore is held mainly in the barrel of the 
throwing hand; but a heavy stone more in the breech, 
although it is held also partly in the barrel. The barrel and 
breech of the stone throwing machine are not mechanized, 
and are formed only by human parts. 

As has been pointed out, the barrel of the fist machine is 
formed partly by one hand and partly by the other. Similarly 
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the barrel of the stone throwing machine is m two parts, 
one formed by the left hand and the other by the right hand. 
The stone is held directly only in one part of the barrel, viz. 
that formed by the right hand if the thrower is right handed; 
but the other hand helps to balance and control the right 
hand; and the free hand is not kept open but nearly always 
imitates the type of fist formed by the hand holding the 
missile or weapon. 

The length of the barrel varies during the wielding of the 
stone, since the distance between the hollows of the fists 
varies. The length of the barrel is at a minimum usually at 
the beginning of the movements when both hands are placed 
together. The hands then separate, and the barrel increases 
m length until, with the left hand stretched forward and the 
right hand with the missile in it brought back as far as pos- 
sible, the length of the barrel is at a maximum. The hands 
are then reversed, and the right Hand goes forward and the 
left hand comes back. A maximum length is again reached 
at the moment of release, because then the right hand is 
stretched out and the left hand is brought back as far as 
possible. 

In the days of muzzle loading guns, the missile was put 
in at the muzzle and pushed down the barrel. As the gun 
was fired the missile moved from the back of the barrel to 
the muzzle. It can be seen that somewhat similarly as a 
stone is being wielded, it is moved first from the muzzle of 
the barrel to the back of the barrel, and then as it is being 
thrown moves in the opposite direction and travels from the 
back end of the barrel to the muzzle. How this happens can 
be explained as follows: — 

The fore part of the barrel is formed by the hand which at 
any moment happens to be at the front. At the beginning 
of the movements both parts of the barrel are together. As 
the hand with the stone in it is brought back, it forms the 
rear part of the barrel, and tire stone is therefore brought 
back into the rear part of the barrel. But as the right hand 
goes forward to throw the missile it ceases to form the back 
part of the banel and forms the front part; and the stone is 
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therefore moved from the back part to the front part of the 
barrel; and at the moment of release the stone is propelled 
from the muzzle, or fore part of the human barrel. 

The movement of the stone from the back pari to the front 
part of the barrel as it is being propelled corresponds to the 
movement of a bullet from the breech to the muzzle of a gun 
barrel as it is being shot. The action of the right hand in 
moving the missile to the back part of the barrel is analogous 
to that of the gunner’s hand when he pushes his missile down 
the barrel with a ram-rod. The rod forms an extension for 
the rigid parts of his arm. This extension is distorted in 
diameter so that it can be pushed down the barrel. Th. 
ram-rod was sometimes fired by mistake, especially in the 
excitement of a fight when it was left in the barrel by an in- 
experienced gunner. The gunner then shot an arrow type of 
missile. 

The power to throw a stone is generated, it can be seen in 
a general way, by separating the hands and expanding the 
chest. At the beginning of the movements the hands are 
usually placed nearly together, and just before throwing the 
missile they are separated and the chest is fully expanded. 
This is the method by which power is generated by many 
other types of offensive machines, notably by the bow and 
arrow machine. The archer’s hands are nearly together 
before he draws the bow. To generate power he separates 
his hands, and expands bis chest, until the bow is fully drawn 
and full power is obtained. 

When a stone is so large and heavy that it must be held 
and wielded by both hands, the hands cannot be separated 
to generate the power, and it is generated therefore usually 
by the wielder making a part of a turn, a full turn, or several 
turns, and bringing centrifugal force into play. 

Just before a pebble is thrown, the stone thrower’s hand is 
drawn back and his left hand is stretched forward. This is 
an aiming position, and the line from the right hand to the 
left shows the proposed direction and elevation, as it does 
when the bow and arrow, rifle, spear, club, or other type of 
weapon is being wielded. To throw the stone, the thrower 
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reverses the positions of his hands, and bis right hand goes 
forward and his left hand comes back; and at the moment 
the stone leaves the hand, the line from the left or rear hand 
to the right or forward hand then shows the direction and 
elevation of the blow. The direction and elevation line is 
tl us suddenly reversed. 

The actions of the feet arc somewhat similar to those of 
the hands. When the right hand is drawn back preparatory 
to being thrust forward the line from the right foot to the leh 
shows the proposed direction of the blow. When the hands 
are reversed, the feet are reversed also, and as the stone 
leaves the hand, the line from the left foot to the right then 
shows the direction of the blow. 

Before the right hand is brought to the front, sometimes 
the wieider’s left foot is raised; and the line from the rear 
foot to the front foot then also shows the proposed elevation. 
The shot putter’s attempts to find the correct elevation can 
be seen as he waggles his left foot above the ground in front 
of him when aiming the shot. 

Release of the stone is effected by relaxing and straighten- 
ing the fingers; and as the missile leaves the hand, the fingers 
point along the trajectory in the direction of the blow. 

The violence of the recoil depends a great deal on the 
weight of the stone, and is much less when a small pebble 
is thrown than when a heavy stone or boulder is thrown. The 
recoil when a boulder is thrown is so heavy that it is only 
with difficulty and after much practice that the athlete can 
prevent himself being thrown by the boulder. 

Nearly all the mechanisms of the stone throwing machine 
are human. The only part that is mechanized is the fist, 
the stone being an artificial and very crude extension of the 
fist; unless it is very large and heavy when it may be a 
mechanical reproduction and extension of part of the body. 
The stock, barrel, butt, heel-plate, pivot, sights, power charg- 
ing apparatus, and most other parts of the machinery of the 
stone thrower are all human; and therefore cannot easily be 
studied. But after a study of more highly mechanized types 
of the offensive machine, it can be realized that the stock is 
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formed by tlie stock of the body, the butt by the legs, the 
butt cud by the foot or feet, the heel-plate by the sole of ihe 
foot or shoe, the sights by the hands, and so on. 

The stone throwing machine is not much used by any 
civilized people. In England the only time it is developed to 
any extent is during competitions in throwing the cricket ball, 
the missile then being modified in materials and not then 
being of stone. Stone throwing is practised by the Niue 
Islanders, the missile being about the size of a cricket ball, 
but oval in shape and made from stalagmite. The Fuegians 
carry spare stones in the corners of their little skin mantles, 
and are expert stone throwers. It is related that a Fuegian 
attacking a ship’s crew which had wounded him, flung stones 
with such truth of aim that the first struck the master of the 
ship and smashed his powder-horn to pieces, and nearly 
knocked him down. The next two were hurled at the heads 
of the nearest seamen, who just escaped by stooping as the 
missiles were thrown. Some time before this event the sailors 
had been astonished at the stone throwing powers of the 
Fuegians. who nearly struck them with stones thrown by 
hand when they thought themselves even beyond musket- 
shot range. ® 

The Rev. J. G. Wood, M.A, F.LS., etc.. The Natural History of 
Han, 
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The Shot 

T he shot putter’s missile is an iron ball usually weigh- 
ing 16 lbs. It is too large to be easily grasped by the 
fingers; and to prevent it escaping from the hand 
during the wielding movements, the palm is held nearly 
horizontally, and the shot rests on the part of the hand where 
the palm and fingers meet, the weight being borne where the 
three middle fingers join the hand. The fingers and thumb 
curl partly round the shot and keep it in position. 

The shot is a mechanical copy or extension of the fist, for 
it rests in the hand which is partly clenched to receive it 
(Rules 1, 3 and 7); it bears a rudimentary resemblance to a 
fist (Rule 1); during the wielding movements the clenched 
hand and shot move together and cannot have different 
movements (Rule 4); the shot relieves the human fist of the 
need for directly delivering the blow (Rule 5); and the type 
of blow given by it is one that somewhat resembles a type 
that might be given by the fist (Rule 4). 

A composite fist is formed by the shot and the partly 
clenched hand. A human part is formed by the hand and 
fingers, and an artificial part by the shot. The artificial part 
is homogeneous, and composed only of iron : the human part 
is not homogeneous, but is composed of many different 
materials, some being soft and some hard; and the shot 
therefore reproduces only a few of the features of the human 
fist. 

The back of the composite fist is formed partly by the 
hand and partly by the shot, the raised portions being formed 
by the hand and fingers, and the parts between the fingera by 
the shot. The knuckles, finger joints, and finger nails, are 
formed much as in the bare fist; but the knuckles are not so 
sharply formed. The finger nails, which are nearly hidden 
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in tb& unmechanized fist, can be plainly seen. The ball ol 
the thumb is rather more visible than in the unmechanized 
fist. 

The part of the fist opposite the back of the hand is formed 
almost entirely by the shot, and is part of a sphere. The 
fingers are wide apart, and not together as in the bare fist. 
The thumb lies against the shot and not against the fingers. 
The shot is a very elementary copy of the fist; and is greatly 
distorted in size and materials. It is also much distorted in 
shape, for it is spherical, and the fist is far from spherical. 

The shot is wielded directly by the right hand; but also 
indirectly by the left hand, because the left hand balances the 
right and helps to control it; and the movements ol uie left 
hand are closely related to those of the right hand. 

The barrel has a minimum length as the shot is picked up 
and held by both hands. The ram-rod action can be seen 
as the putter brings back the shot to its fullest extent, bring- 
ing his right shoulder back at the same time. The shot is then 
in the back part of the barrel. It moves from the back pan 
of the barrel to the front part as it is being putted, because 
the right hand then moves forward and forms the front part 
of the barrel, the back part then being formed by the left 
hand which previously had formed the fore part of the 
barrel. 

The fastenings which hold the shot to the hand are not 
very effective. The fingers and thumb curl partly round the 
shot and form dasps; but they cannot curl far enough round 
to hold it. and it must be held to the band by the hand being 
placed palm upwards. The shot is not provided with pro- 
jections or indentations; and therefore most of the fastenings 
must be formed by the hand and fingers. 

The shot lies mainly in the breech of the hand, i.e., mainly 
in the lower part of the pouch of the hand. The heavy shot 
impresses its shape on the palm, and parts of the surface of a 
sphere are reproduced on the interior surface of the human 
breech. (The interiors of the breeches of many old fashioned 
guns, similarly, are parts of spheres). The shot is also held 
by the fingers, and therefore lies also in the barrel of the 
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hand, which is formed by the upper part of the pouch of the 
hand. The shot therefore rests partly in the breech and 
partly in the barrel of the fist 

The shot is not used directly against an opponent, but is 
aimed at a target representing him. This target, the author 
has shown in a previous work, is formed by the ground out- 
side the circle in which the athlete stands. The opponent, 
or target representing him, is at the end of the trajectory of 
the missile, and is hit with a heavy blow, and may be said 
to be clubbed; and there is little difference between the type 
of blow given by a spherical stone held in the hand or by 
one given by the rounded head of a club and one given by 
a shot. 

The recoil is very pronounced, and the athlete must be 
careful to make compensating movements to take and absorb 
the recoil, or instead of throwing the missile he may be 
thrown by the missile. The recoil absorbing machinery is 
not mechanized and is wholly human. That is, the athlete 
is not provided with any mechanical springs or buffers to 
help to take the recoil, and his body must form the springs 
and buffers to take the recoil. The shock of the recoil, it is 
easy to see, is transmitted to his body and then to the 
ground. 

Release of every type of projectile is effected by straighten- 
ing and relaxing the fingers or a finger; or by the converse 
of these actions. Thus, the archer releases his arrow by 
relaxing and straightening his fingers; but the rifieman 
reverses these actions, and sets free his bullet by curving his 
forefinger and making it taut (Rule 11). When a gun is 
fired by a person pressing a button with a finger, the finger 
which is relaxed before the missile is fired is suddenly curved 
and made taut, the action being similar in principle to the 
action of the rifleman, though modified slightly. The release 
mechanism of the shot putter is not mechanized; and release 
is effected mainly by the shot passing out of the control of 
the fingers, which however are relaxed and straightened at 
the moment of putting, in accordance with the universal 
practice. 
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The rifling or spinning mechanisms of the shot putter arc 
not mechanized. The human riflings are formed by the 
grooves between the fingers, which are in the shapes approxi- 
mately of wedges or triangles, and by the creases on the 
insides of the finger joints, which form approximately parts 
of circles round the sphere. As the rifling devices are not 
mechanized, it is diflScult to discover how they are con- 
structed and how they work. The devices are manipulated, 
however, for the fingers give a final “ flick ” to the shot as it 
leaves the hand, and thus impart some spin to it. 

The Cricket Ball 

The fist can be partly mechanized by means of a cricket 
ball. The ball is spherical, and weighs about ounces. It 
is not as large or heavy as the shot, and is held usually by 
the thumb and first fingers and upper part of the palm; but 
many other methods of holding it are used, especially by 
bowlers. Sometimes it is held mainly in the barrel, that is 
by the thumb and fingers, sometimes it is held more against 
the palm, that is more in the breech of the hand. 

The mechanical part of the fist is formed by the ball, and 
reproduces features of the fist rather more closely than they 
are reproduced by a stone or by a shot, for the surface of 
the ball is of leather and therefore corresponds fairly closely 
to the surface of the fist in materials, the fist being covered 
with skin and the baU with skin made into leather. The 
materials of the interior of the ball have some remote corre- 
spondences to those of the fist, for the padding which fills 
the ball very remotely reproduces some of the features of 
the flesh, notably its resiliency. 

No very close correspondences can be expected to be seen 
between simple objects like a stone, shot, or cricket ball, and 
such a complex organism as the fist, for no nearly homogene- 
ous object can reproduce more than perhaps the shape and 
size and wei^t of the fist with any degree of fidelity. Simple 
objects like the stone,' shot, and cricket ball are extremely 
primitive and elementary derivatives of the fist. It will bo 
seen later that the most complex and developed weapons are 
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more distantly related to their human counterparts than parts 
of embryos of creatures are related to fully developed pans. 
It IS not strange therefore that correspondences between 
primitive types of weapons and their human counterparts are 
sometimes not easy to observe, but remarkable that corre- 
spondences can so often and unmistakably be seen. Thus, 
the surface of the cricket ball can be seen, especially with 
help from the Rules, to reproduce, very distantly it is true 
but quite unmistakably, the skin of the fist in an artificial 
form, the fist being covered with skin and the ball being 
covered with skin made of leather. The ball also is spherical 
in shape; the fist also is somewhat of a spherical shape; and 
so on. 

Of course, it would not be possible to believe that a cricket 
ball reproduces features and characteristics of the fist, from 
a comparison of the cricket ball and fist alone. But, as every 
part of every weapon can after some study be seen to have 
features and characteristics of a human part of the offensive 
machine, and since as might be expected the features and 
characteristics nearly always show closer correspondences in 
more complex and developed weapons than in simpler and 
more primitive weapons, it can be known with certainty that 
the cricket bail is a derivative of the fist, that the shot is also 
a derivative of the fist, and similarly the stone held in the 
hand is a derivalivfe of the fist. 

Control over the composite fist, formed by the cricket ball 
and the fist in which it is held, is helped by movements of the 
other hand, for the other hand balances the one that holds 
the ball. The parts of the hand and fingers in contact with 
the ball reproduce its shape and take the impression of the 
seams and stitches, the seams and stitches where they cross 
being approximately at right angles. 

The riflings are partly human and partly mechanical. 
Human riflings are formed by the spaces between the fingers 
and by title creases across the insides of the finger joints and 
these tend to form spirals. Mechanical riflings are formed 
by the seams and stitches, which are crude mechanical repro- 
ductions of the human riflings, transferred from the human 
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devices to the surface of the ball (Rules I, 3, 7); and the 
cricket bowler makes the human and mechanical devices 
work together when he spins the ball, the fingers gripping the 
seams and stitches to produce spin. 

Release of the ball, when it is thrown in competitions, is 
effected by straightening the fingers. The recoil is not as 
powerful as when the shot is put. for the cricket ball is not 
as heavy as the shot. 

The Javelin 

The javelin is a spear type of missile. It is made of wood 
with a sharp metal point, and is about 8ft. dins. long. It has 
a binding of whipcord at the middle where it is held by the 
hand. 

From its length, the shaft is evidently a mechanical repro- 
duction of both arms, placed end to end. It is in one piece, 
but the binding helps to show where one mechanical arm 
ends and the other begins. The shaft is thickest near the 
binding, and tapers to the front end and to the rear end; and 
the arms of the javelin therefore correspond in directions to 
those of the wielding arms in the aiming position, when 
one arm is stretched forward and the other behind. The 
shaft is held in line with the human arms, whatever the eleva- 
tion. 

The javelin is gripped at the binding by the right hand and 
fingers so that the binding lies against part of the pahn and 
the insides of the fingers. Two barrels can be distinguished, 
one formed by the binding to contain the shaft, and the other 
by the fingers to contain the binding and the shaft. 

The barrel formed by the whipcord is very nearly cylindri- 
cal, and both its inner and outer surfaces are rifled by the 
spiral groove between the turns of the binding. The whip- 
cord as it is placed on the shaft necessarily takes the shape 
of the shaft: and a cylinder of whipcord is made to contain 
the middle part of the shaft, where the ends of the mechanical 
extensions of the arms meet. A continuous spiral is formed 
between the turns of the binding, and the riflhig has a pitch 
depending on the thickness of die whipcord; and there are 



ATHLETIC MISSILES 


215 


fewer turns of the spiral, or rifling, to each inch of binding 
when thick whipcord is used than when thinner whipcord is 
used. If the shaft could be removed from the whipcord 
cylinder without altering the shape of the cylinder, and we 
looked through the binding we should sec a rifled cylinder 
which conformed exactly to the shape of the middle 
of the shaft. The shaft has no movement relative to the 
whipcord barrel, and both are thrown together. 

The fingers form a human barrel to hold the whipcord 
cylinder and tlie shaft contained within it; and parts of a 
rifled cylinder are formed by the fingers. Because of pressure 
between the fingers and binding, the impression of the rifling 
of the binding is reproduced on the skin of the fingers for, 
as has been stated, the outer as well as the inner surface of 
the whipcord cylinder is rifled. The rifling formed by the 
whipcord acts as a rudimentary mechanical extension of the 
human riflings which are formed by the spaces between the 
fingers and creases at the insides of the finger joints. The 
mechanical rifling is very regular and geometrical in shape, 
and is a very imperfect form of the human riflings; and the 
human riflings and mechanical riflings do not fit each other. 

The rifling on the surface of the binding is near the human 
riflings; and is transferred immediately from the human 
riflings (Rule 7). The rifling on the outer surface of the 
binding is also transferred to the iimer surface of the binding, 
that is from one side of the binding to the opposite side 
(Rule 8). If gum is used to help to fasten the whipcord to 
the shaft, the shaft may show signs of rifling, through the 
gum being forced up into the spiral between the turns of the 
whipcord. Rifling impressions are then transferred to the 
surface of the shaft, with which the rifled cylindrical barrel 
is in contact (Rule 7). 

If the barrel formed by the fingers could be removed from 
the binding without altering its shape, and next the (^lindri- 
cal whipcord banel could be removed from the shaft, it 
could be seen that the form of the shaft is reproduced by 
the interior of the cylindrical barrel formed by the whipcord, 
and that the form of the exterior of this barrel is reproduced 
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by the interior of the human barrel; and it could be seen also 
that the human barrel fits and encloses and holds the barrel 
formed by the binding, and that this inner barrel in turn fits 
and encloses and holds the shaft. The human barrel and 
mechanical barrel are clearly complementary in forms, and 
together form a barrel for the shaft. 

The breech is formed by the palm, and since the shaft and 
binding lie partly in the palm, they lie partly in the breech. 
The breech is rifled, for the binding impresses its shape on 
the palm, and the skin is pressed into the spiral between the 
turns of the whipcord. 

The ancient athletic javelin was spun by the help of its 
binding which unwound as the javelin was being thrown. The 
binding consisted of a thong which was wound a few times 
round the shaft. A loop was left for the insertion of the 
forefinger or first two fingers. As the javelin was being 
thrown, the thong unwound and imparted a rotary motion to 
the javelin causing it to spin in flight. The device was called 
the amentum by the Romans, and the 'o.yKvX.r} by the 
Greeks. Authorities differ as to whether the amentum was 
fastened to the shaft and thrown with it, or was retained in 
the hand. 

The loop of the amentum formed a mechanical extension 
for the forefinger or fingers, and by its help the sp inni ng 
actions of the forefinger or fingers were magnified and con- 
tinued for a few moments after the shaft had left the hand.’*’ 
As the thong unwound, the spiral between the turns of the 
thong decreased in length, and as it decreased the missile 
spun more quickly. The rate of spinning was therefore 
related to the length of the spiral at any moment, The 
spinning mechanism was partly human and partly artificial. 

The modern binding is very regularly rifled; but the rifling 
device is of little use in helping to spin the missile, and the 
modem binding seems to be an atrophied spinning device. 
It may afford some help indirectly in spinning the javelin by 
allowing (he fingers to obtain a good grip, for as the 

♦According to E. N. Gardiner, '‘The action of the amentum is 
similar to that of the rifling of a gun." 
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javelin leaves the hand a small measure of spin is imparted 
to it. 

The ancient amentum conversely was very irregularly 
rifled by the turns between the Ihong wound round the shaft. 
Conversely also as has been explained, it was of much help 
in spinning the missile. This helps to show that a regularly 
and geometricafly shaped device is not necessarily a better 
device than one less regularly and geometrically shaped, and 
that regular mechanical riflings are also not necessarily 
superior to their irregular human prototypes. 

The spinning action is not performed solely by the fingers. 
The wielding arm also takes part in the action.* But the 
spinning mechanisms of the fingers and arm are very little 
mechanized by means of the modern binding, and are diffi- 
cult to study and analyse from direct observations of the 
javelin throwing machine. 

That the throwing-arm of the wielder of a weapon plays a 
part in imparting spin to the missile is brought into promin- 
ence when the chakra, or war quoit of the Sikhs of India is 
wielded, for it is twirled by the forefinger before being thrown 
and the arm takes part in this movement. The chakra is a 
thin, circular ring of metal sharpened to a razor-like edge on 
the outside. Several are worn on the arm or on the turban, 
and can be thrown in quick succession from the forefinger. 
The chakra is twirled horizontally, with the forefinger held 
higher than the head. It is said it can inflict serious wounds 
and may even sever a limb. Since the Sikh obviously spins 
his chakra by means of movements of his arm as well as 
forefinger, it can be known, since the principles of all types 
of the offensive machine are the same, that in all types of 
the machine, including the javelin machine, the spinning 
movements are primarily performed not only by the fore- 
finger or fingers but also by the wielding arm. 

The Caber 

The missile of the caber tosser is the trunk of a tree. It 

* According to F. A. M. Webster, we should “ observe the rotation 
of the throwing arm from left to right to give the spear a rifling 
Athletics of To^ay, 
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so heavy that the tosscr needs the help o£ assistants to 

bring it into an upright position 
with its small end resting on 
the ground. When it has been 
brought into an upright posi- 
tion the assistants retire and 
the tosser places his shoulder 
against it and cautiously raises 
it so that he can place his 
hands underneath its end. 
When he has placed the end in 
the pouch made by his hands, 
he raises the caber and care- 
fully balancing it begins to run 
forward. At the right moment 
he gives an upward heave with 
his hands and tosses the caber 
which should turn over in the 
air and come down with its 
big end on the ground and fall 
with its small end pointing 
away from the tosser. * 

The end of the caber fits into 
a human breech and back part 
of a band formed by the 
hands and fingers. The breech 
is formed by the palms, and 
back parts of the barrel by the 
By courtesy of Aberdeen Bon- parts of the fingers which sur- 
Accord and Northern Pictorial round and press against the 
cylindrical surface of the caber. Because of pressure between 
&e cab^ and hands and fingers, the shape of the caber’s end 
is automatically and faithfully reproduced on the palms and 
insides of the fingers: and the caber fits closdy into the 
human breech and back parts of the barrel. 

Parts or bits of a cylinder are therefore reproduced by the 
insides of the fingers in contact with the cylindrical surface 

iW. M. Smith, F.S.A,, Scot, The Athletes and Athletic Sports of 
Scotland, 
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o£ the caber. The diameter ol the cylinder partly formed by 
the fingers is o£ course the same as the diameter of the end 
of the caber, that is the bore of the back part of the barrel i.i 
equal to the diameter of the lower end of the caber. 

The human breech and the barrel partly formed by the 
fingers cannot by themselves hold the caber; but control is 
obtained because a fore part of the barrel is formed by the 
shoulder. The pressure of the caber on the shoulder causes 
the skin and flesh of the shoulder to be deformed to the 
shape of the caber, and a slight groove having the shape of 
part of the surface of a vertical cylinder is formed in the 
shoulder. Since the surface of the caber is continuous, the 
groove in the shoulder is part of the cylinder partly formed 
lower down by the fingers. 

The part of the barrel at the shoulder and the parts at the 
lower end of the caber do not meet, and are separated by 
the distance between the shoulder and the hands. In the 
gun machine, the barrel is continuously formed and is not in 
separate parts as in the caber machine. Mechanization 
allows a continuous barrel to be formed, and also allows it 
to be made o£ a simple shape; and the gun barrel is a con- 
tinuous tube of nearly uniform diameter. 

The barrel of the caber machine is slightly mechanized 
when a cloth is placed against the shoulder. Figure 23. 
Sometimes, to prevent the caber hurting the shoulder and to 
obtain better control over it. a doth is placed against the 
shoulder for the caber to rest against. As the caber presses 
against the cloth, its shape is impressed on it, and rather less 
distinctly on the shoulder also. A deeper and wider groove 
or barrd is formed in the doth than in the shoulder when 
no cloth is used. Since the cloth is not a part of the body 
and is an artificial contrivance, the barrel is partly artificial 
or mechanical at the shoulder when a cloth is used. 

The length of the barrel, although it is not continuously 
formed, is equal to the distance between the shoulder and 
the fingers. It varies according to the dimensions of the 
tossers and their methods of holding the caber, but is usually 
about two feet in length. The missile, which is the caber. 
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therefore is not contained wholly within the barrel, but pro- 
jects several feet beyond its limits. 

The diameters of the two parts of the barrel are not quite 
the same, since the caber is of greater girth near the shoul- 
der than at the hands; that is. the barrel of the caber 
machine, like that of most gun machines, is not of uniform 
bore along its length. If the diameter of the part of the 
caber at the fingers is say three inches, the bore of the barrel 
there is three inches. Since the girth of the caber increases 
away from the hands, the bore at the shoulder will be rather 
more than three inches. Often the caber at the hands has a 
girth of much more than three inches. 

The caber machine is remarkable for the great length and 
bulk of its missile. It has a longer missile than any gun 
machine, for no gun has a shell of say twenty feet in length. 
Its bulk is also greater than that of most missDes fired from 
guns. The calibre of the caber machine may exceed that of 
a six inch gun, but an eighteen inch gun, for example, has a 
larger calibre than the caber machine, for the diameter of a 
caber is never as great as e^teen inches. Thus, with a 
very slight degree of mechanization the offensive machine 
can be distorted so that its missile is longer than the missile 
of any gun machine, and so that the calibre of its barrel is 
exceeded only by the calibres of large and heavy gun mach- 
ines. 

During the run forward the hands hold the caber at the 
right height above the ground, and the hands and shoulder, 
or hands and doth and shoulder, act together to keep it in 
a vertical position. When the tosser begins to throw the 
caber, the part against the shoulder begins to fall away from 
it, in a direction at right angles to the axis of the caber. The 
missile is therefore propelled not along the axis of the part 
of the barrel at the dioulder but in a direction at right an^es 
to it; and the missile is not propelled after the manner of a 
shdl or bullet, in a direction along the axis of the barrel but 
at right an^es to the barrel. The direction of motion of the 
missile, compared with that of a shell, is therefore turned 
through a right angle, in accordance with Rule 10. 
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The caber can move away from the barrel at the shoulder 
in a direction at right angles to it. because the barrei there 
does not surround it. If the barrel surrounded the caber, 
the caber could fall away from the shoulder only by first 
breaking the barrel. A complete cylinder to surround the 
caber could perhaps be devised, say by using straps to hold 
it to the shoulder; but the missile would then have to be 
propelled through the barrel formed by the straps and 
shoulder, along the axis of the barrel, or the straps would 
have to be suddenly undone to allow the caber to fall away 
from the shoulder, and difficulties would probably be ex- 
perienced in releasing the straps quickly enough. 

As the caber is being tossed, a powerful upward heave is 
given by the hands, which is compounded of two movements, 
one a thrust along the axis of the caber to throw it into the 
air, and the other a thrust at right angles to its axis to make 
it turn over, or spin, about its centre of gravity so that it 
will land on its large end and fall forward with its small end 
pointing away from the tossor. Since a thrust is given along 
the axis and at right angles to it, the small end therefore, 
like the part at the shoulder, has a movement at right angles 
to the barrel. 

The thrust along the caber’s axis is directly given by the 
back part of the human breech, that is by the parts of the 
hands under the end of the caber, which are the human pro- 
totype of the breech block or breech face of the gun. The 
breech face of a gun similarly gives the thrust which sends 
the shell forward, for the exploding charge presses against it 
to obtain its power to drive the shell from the barrel. 

It may be remarked that the gun’s barrel and breech have 
not been developed directly from those of the caber mach- 
ine. which is little more than an exhibition machine which 
however illustrates many principles obscured when many 
olher varieties of the offensive machine are in action. As 
will become apparent later, the barrel and breech of the gun 
have been developed directly from those of the bow and 
arrow madiine. Ibese devices of the gun machine are how- 
ever related to those of the caber machine. 



222 


MECHANICAL BIOLOGY 


The rifling devices of the caber machine are not mechan- 
ized. They are formed by the grooves between the fingers 
and by the creases across the insides of the finger joints. 
Since they are human, it is difficult and perhaps not possible 
to know much about them, except in a general way. by 
direct observation of the machine. 

It can be known that rifling devices are formed for the 
caber machine, without even troubling to examine the 
machine; because if any part or device of the offensive mach- 
ine is not mechanized, the wielder’s body automatically 
forms and supplies it. No part or device can be omitted, 
otherwise the machine cannot work properly. Rifling devices 
must be used when the caber machine is in action, or the 
caber could not be turned over, or spun. Since there is no 
binding round the caber or feathering as on arrows, or any 
other similar type of device that might help to form a rifling 
device, it can be known at once that the rifling devices are 
supplied by the caber tosser’s body. Human rifling devices, 
of course, as has been pointed out, are formed by the spaces 
between the fingers and by the twelve creases across the in- 
sides of the finger joints. Again, every machine must have 
a stock, butt, trigger, trigger spring, elevating and depressing 
devices for obtaining aim, and a thousand and one other 
parts and devices; but none of these parts or devices are 
mechanized in the caber machine, and therefore the caber 
tosser’s body must form and supply them. 

The recoil of the caber machine is powerful, and move- 
ments must be made by the tosser to prevent himself being 
tossed by the caber. None of the recoil mechanisms are 
mechanized, and ail are supplied by the wielder’s body. 

A bullet or shell or arrow spins about its axis, but the 
caber spins in a plane which includes its axis. The axis about 
which a caber spins is therefore turned through a ri^t angle 
compared with the axis about which a bullet, shell, or arrow 
spins, in accordance with Rule 10. 

As a result of fitting such a large and heavy missile to the 
body without at the same time mechanizing any of the 
machinery that tosses it. the movements of the wielder are 
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slowed down so much that the way the power is delivered 
can fairly easily be studied, in a general way. The throwing 
movements are slowed down so much that at least six stages 
of the movements can be easily observed. The first stage 
of the movements is the placing of the foot against the 
smaller end of the caber while the assistants raise it into a 
vertical position; the second, the placing of the hands under- 
neath the smaller end and the raising of the caber; the third, 
the pause while the caber is being steadied and the thrower 
is obtaining his direction; the fourth, the run forward; the 
fiftli, the throwing of the missile and the upward heave to 
make it turn over in the air; the sixth, the balancing move- 
ments made necessary by the recoil. When the shot is being 
wielded, the throwing movements are slowed down suffici- 
ently for most of these stages to be observed. The fouilh 
stage, or the run forward, is represented by the steps and 
hops made by the shot putter. Some of the stages can be 
well seen when the cricket bowler is in action, the fourth 
stage being seen m the run made by the bowler. The stages 
can also be observed when the javelin is being wielded. They 
cannot be observed easily when the fist is being wielded, for 
the hitting actions take place loo quickly. The spinning of 
the missile can be very clearly seen when the caber tosser is 
in action, the caber being made to turn over, or spin, in the 
air by the upward heave given by the hands at the final 
moment. As has been stated, however, the parts of the body 
which spin the caber or perform the throwing and other 
movements are not mechanized, and so, although they can 
be observed in a general way, exact information about them 
or their actions cannot be obtained from observations of the 
actions and movements of the caber tosser. 

The Discus 

The discus at the beginning of the movements of the 
discus thrower is held against the palm and wrist of the right 
hand, with its rim in the lop joints of the fingers which are 
curled over its edge. The left hand is placed against the side 
of the discus opposite to the right hand, to prevent it falling. 
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During the whirling movements, the discus is duecUy held 
only by the right hand, and use is made of centrifugal force 
to retain it in the hand. 

The discus therefore rests in the breech of the nght hand, 
which is formed by the palm, and also in the barrel of the 
right hand, which is formed by the fingers. At the begin- 
ning of the movements, the discus is also in the barrel of the 
left hand, formed by the fingers pressing against it to hold 
it to the right hand. As the left hand is removed from the 
discus, the parts of the barrel become separated; and the 
discus machine therefore has an extensible barrel. The 
length of the barrel measured from the left hand fingers to 
the right hand fingers, is at a minimum when both hands 
hold the discus, and at a maximum probably when the discus 
is being released. 

The human barrel of the right hand is not continuously 
formed, but is formed in a fragmentary way by the parts of 
the right hand fingers at the nm, the fingers being separated 
by difiierent distances. The diameter of the barrel is the 
same as, or very slightly greater than, the diameter of the 
discus. The modern dkcus is 8| inches in diameter; and 
therefore the modern discus machine has a barrel of greater 
diameter than an eight inch gun machine. The diameter of the 
ancient Greek discus was usually between 6i and 9 inches; 
but one extant specimen has a diameter of over 13 inches; 
and the bore of the barrel of the discus machine can 
therefore be greater than that of a thirteen inch gun 
machine. It is not certain, however, that this particular 
specimen was actually used, and it is thought it was perhaps 
a votive offering. ^ The length of the missile of the discus 
machine is very small, and is equal to the thickness of tlie 
discus. 

The rim of the discus rests in the bits of grooves formed 
by the creases across the insides of the top joints of the right 
hand fingers, and thus fits into the riding of the human barrel 
which is formed by these fragments of grooves, in much the 
same way as the driving band of a bullet or shell fits into 

»E. Noimtui Oardmer, M.A., Greek AtMeiic Sports and Festivals, 
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the grooves of the gun barrel; and the mechanical and 
human devices work together to spin the discus. 

The High Jumper 

The high jump machine has no mechanical parts, pro- 
vided the jumper does not wear shoes or vest or trousers: 
and therefore little can be learnt about its actions until after 
a study of mechanized missile throwing machines. But a 
few facts can be noticed, in a general way. 

The missile is the raitire body. It may be thrown at an 
opponent, as tor example when a person jumps or hurls him- 
self at an opponent. The body is not often used in this way, 
and is so used usually only in an emergency. In an athletic 
competition the missile, or body, is thrown at a target repre- 
senting the opponent or opponents. 

Vests and trousers are not strictly parts of the offensive 
machinery, although they become part of the missile when 
worn. A study of dothing. by means of the human proto- 
type theory, would show they are extensions of the clothing 
machinery of the body. Shoes are important, although not 
necessary parts of the machine; and by means of them 
the machine is slightly mechanized. A fuller discussion of 
shoes, showing how they are related to and work in har- 
mony with the feet will be given later, and it will be necessary 
here to notice merely the part played by the sole of the 
shoe. 

The sole of the shoe lies under and covers the sole of the 
foot. It is therefore a mechanical reproduction and extension 
of the skin of the sole of the foot (Rules 1 & 3). Correspond- 
ence of shapes is fairly close. Indeed a shoemaker will often 
trace the outline of a person’s sole, for whom he is making 
a shoe, on a piece of paper by drawing round it with a 
pencil, so that he can ensure good correspondence of size 
and shape of the shoe to the size and shape of the sole of 
the foot. If the sole is of leather correspondence of materials 
also is dose, for leather is the skin of an animal, and the 
skin of an animal dosely corresponds in structure to the 
structure of the human skin, although certain features of the 
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animal’s skin are destroyed or spoiled when it is made into 
leather. 

From the beginnings o£ civilization it has been the pracuoo 
to protect the skin of the solo of the foot by giving it an 
artificial extension by covering it with the skin of an animal. 
By the use of skin or leather many of the features of the 
human sole can easily and etfectivdy be reproduced. But 
dead skin or leather differs from the skin of the sole of the 
foot, and the skin of an animal also is not exactly similar to 
the skin of the human sole. Therefore this method of giving 
the human sole an extension can never be quite satisfactoiy, 
Attempts have been made in recent years to use other 
materials, and especially rubber. A sole of rubber can 
reproduce several of the features of the human sole. It can 
also reproduce some of the features of the flesh of the foot 
that lies underneath the sole, notably its elasticity and shock 
absorbing properties. This substitution of a synthetic or 
manufactured material for a natural material for hinlfi n|t 
parts illustrates a common occurrence in tho process of 
developing the offensive machine; and represents an attempt 
to copy parts of the machine less directly and therefore 
usually more effectively. A notable example of tho use of 
a synthetic or manufactured material instead of a natural 
material is given when say a sword is made of metal instead 
of wood. However synthetic materials like rubber or metals 
do not reproduce as many of the features of skin and flesh 
and bone and other constituents of the body as ai-e repro- 
duced by skin, thongs, wood, and similar natural materials; 
and when they are used it always becomes necessary to try 
and reproduce by some other means some of the features 
and properties that cannot be reproduced by the synthetic 
materials. 

A main puipose of the sole of the shoe is to protect the 
skin of the wearer's sole from abrasion by the ground But 
it may be of some small assistance in the jumping actions, 
for the jumper’s height is increased, by an amount equal to 
the ttuckness of the sole of the shoe. The shoe takes part 
in all the actions of the sole of the foot (Rule 4), and esmot 
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have independent actions, and becomes part of the missile 
and is thrown with the body at the target. 

The sole of a shoe is related, as will be explained later, to 
the heel-plate of a rifle or shot gun. which therefore like the 
sole of the shoe has the skin of the sole of the foot as its 
human prototype. 

The main parts and devices of the machine are formed by 
the body. The barrel, riflings, sights, stock, butt, breech, 
and many other parts and devices can be seen, but little can 
be learnt about them by observation of this machine alone. 
Rifling devices can be seen as the high jumper clenches or 
partly clenches his hands when about to jump, formed of 
course by the spaces between the fingers, and creases across 
the insides of the finger joints. The stoek of the machine 
is formed by the stock of the body, but its consttuction and 
methods of working cannot be easily observed. The butt 
is formed sometimes by one leg, sometimes by the other, and 
sometimes by both legs; but it cannot easily be studied 
directly. 

The Long Jumper 

The missile of the long jumper is his own body. The fists 
of the long jumper are sometimes partly mechanized by 
means of jumping-weights, in shapes something like dumb- 
bells, which are held in the hands in order to obtain more 
momentum for the jump. They are retained in the hands 
during the jump and become part of the missile. 

Some jumping-weights have grooves for the fingers, each 
finger having its own groove. Mechanical riflings are then 
formed by the grooves of the weights. The ridges between 
the grooves of the weights fiU the grooves or spaces between 
the fingers, and are complementary to them. Faults in 
making or designing the grooves are remedied to some 
extent by the fingers forcing the skin and flesh into the 
grooves and taking their shapes. 

An ancient Greek jumping-weight is shown in Figure 24, 
It is of stone and seven and a half inches long. Its rifling 
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devices ate well developed mechanically, and can be very 
clearly seen. The four fingers in Figure 24 fit into four 
grooves. The stone ridges between the fingers correspond 
to the “ lands ” or parts of the interior of a gun barrel which 
are not cut away when the rifled grooves are made. The 
ridges between the middle and third fingers and between the 
third and little fingers are somewhat similar in shapes; but 
the ridge or “land” between the forefinger and middle 
finger is wider than the other two lands, and less regular in 
shape. The stone where it is incised is approximately in 



IPIG. 24. STONE JUMPING-WEIGHT 

British Museum Guide Book 

the form of a cylinder, and therefore the barrel formed by 
the hand is approximately cylindrical. The breech for the 
stone is formed by the palm of the hand. The j umpin g, 
wdght therefore rests in the breech as well as in the barrel 
of the hand. The jumping-weight is not thrown but is 
retained in the hand, and therefore has no movement rela- 
tive to its barrel and breech during the propelling of the 
missile, which is formed by the whole body and the two 
jumping-weights. 

The mechanical rifling devices formed by the grooves and 
lands of the jumping-weight are much better mechanical 
counterparts of the rifling devices of the hand and fingers 
than are the grooves and lands of a rifle or other gun. The 
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designer of the Greek jumping-weight has noticed how the 
fingers lie around a cylindrical stone, and has cut grooves 
for the fingers and palm to sink into; and the devices he has 
made can readily be recognized as complementary to devices 
made by the fingers and palm as they hold the stone. The 
designer of a rifled gun. however, makes grooves of more or 
less regular and simple geometrical patterns, which cannot 
directly be recognized as corresponding to devices formed 
by the wielder’s hands; and it is only after a study of many 
types of weapons that it becomes evident that the rifling 
devices on gun barrels arc related to and derived from die 
rifling devices of the hands. 

But although the riflings on the jumping-wei^t are in an 
advanced stage of mechanical development and those on a 
gun are in a primitive stage of mechanical development, the 
gun maker has the advantage that the riflings on a gun barrel 
are in forms which permit of further mechanical develop- 
ment, but those on the jumping-weight cannot be much 
further developed mechanically. The Greek designer has 
been too ambitious, and has tried to copy nature too directly. 
He has tried to reproduce counterparts for all the human 
rifling devices : the gun designer has been content to repro- 
duce only a very few of the characteristics of the human 
r ifling s, and those only in the simplest possible ways. 

Attempts are continually being made by makers of weapons 
to copy nature’s devices directly. Many things can be learnt 
by trying to do so; but nature’s mechanisms are much too 
complex to be copied directly. In early times, for example, 
makers of weapons tried to reproduce all the features of the 
fist by placing a roundish stone in the hand for use as a club 
or missile. But only certain characteristics of the fist like 
its roundness, hardness, size, and weight, can be reproduced 
in this way; and no useful offensive purpose would be served 
by trying to make the stone correspond more closely out- 
wardly to the fist, say by fashioning it to possess knuckles 
'and joints and finger n^s. The archer has discovered it 
is bettK not to try and reproduce the whole of the fist at 
once, but to be content with reproducing merely a knuckle 
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o£ ihe fist, in the form of the head of the arrow, and to be 
content also with reproducing only a very few of the charac- 
teristics of the knuckle. This will be more fully explained 
later, in the chapters on the bow and arrow. 

The grooves and lands on the stone jumping-weight shown 
in Figure 24 are derived immediately from the rifling devices 
of the fingers, for when the stone is held the human and 
mechanical devices arc in contact (Rule 7). The mechanical 
devices are reversed or inverted compared with the human 
devices, because where there are grooves between the fingers 
there are ridges or lands on the stone, and where there are 
ridges or lands formed by the fingers there are grooves in 
the stone. 

The jumping-weight is pitted all over its surface with tool 
marks. These markings are not shown in the sketch. Un- 
consciously and unintentionally perhaps the maker has 
therefore reproduced mechanical counterparts for the 
chequerings which are formed by the creases and fine lines 
on the surface of the skin of the hands and fingers. Certain 
parts of the hand and fingers are in contact with the mark- 
ings cut in the surface of the stone, and therefore by Rules 
1, 3, & 7 the mechanical markings act as mechanical exten- 
sions of the human chequerings. They are indeed of much 
assistance in helping the hand and fingers to obtain a good 
grip. No doubt the maker could have smoothed out the tool 
marks, but perhaps he saw that it was better to leave the 
stone "rough”, to allow the skin to sink into the indenta- 
tions and the projections to sink into the skin. He has made 
no attempt to make the tool marks, or mechanical chequer- 
ings, in the reverse pattern of the human chequerings, so 
that the mechanical and hmnan chequerings could fit into 
each other. 

Since no attempt has been made to reproduce the actual 
pattern of the human chequerings, it is not possible to know 
from direct observations that the tool marks are mechanical 
extensions of the human chequerings. This can be known 
only by seeing that when the stone is held the tool marks lie 
against the human chequerings, that they fadp the hand to 
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make a good grip, that they are lightly cut in the surface of 
the stone, that types of criss-cross markings arc formed, and 
that during the wielding movements the human and 
mechanical markings move together and cannot have 
different movements. The reader will sec that by the 
application of the Rules, the fact that the tool markings form 
artificial extensions for the human chequerings can be estab- 
lished beyond doubt. 

The sketch does not show clearly if the grooves in which 
the middle, third, and little fingers lie are spiralled. But a 
photograph supplied by the British Museum makes it fairly 
clear that neither of the three lower grooves if continued 
round the stone would return to its own groove. The three 
grooves seem to have the same pitch. 

The grooves for the middle, third, and little fingers are 
approximately parallel, and run round the stone in planes 
almost at right angles to the axis of the cylindrical part of 
the stone. The grooves on a gun barrel, however, run nearly 
parallel to the axis of the barrel. It seems therefore that the 
general direction of the riflings on a gun barrel compared 
with the general direction of the riflings on a jumping-weight 
is turned through a right angle (Rule 10). 

The groove for the forefinger is at a different pitch from 
the others, and is much more steeply spiralled. The pitches 
of the riflings on this jumping-weight are therefore not all 
the same. The pitches of the riflings on the interior of a 
gun barrel are of course equal to each other, that is. all 
make the same number of turns along the length of the 
barrel, and no gun barrel has been made having the 
pilch of one of its grooves at a different angle from the 
others. 

The cylindrical part of the stone has lands and grooves 
on its surface. The human barrel formed by the fingers 
therefore encloses a rifled cylinder. The human barrel ifself 
is rifled internally, but the enclosed cylinder is rifled exter- 
nally. A bullet or shell is somewhat similarly a cylindrical 
object enclosed within a barrel. The gun barrd is rifled 
iatemally, and the bullet or shell becomes rifled externally 
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as it is propelled through the barrel, because the leaden 
bullet or the driving band of the shell is forced into the rifled 
grooves of the barrel. The ridges on the stone cylinder may 
therefore be compared to the ridges formed on a bullet or 
shell which fits into the grooves of the gun barrel. The 
spaces between the fingers correspond to the grooves in the 
gun barrel, and the devices made by the fingers correspond 
to the lands in the gun barrel. 

The stone jumping-weight has a separate groove for the 
thumb; and therefore has five grooves altogether. The 
author is not able to say if the thumb groove is a rifling 
device. Rifling devices are essentially spinning devices; and 
the human rifling devices are operated sometimes, as for 
example when a cricket ball is spun by the bowler, when a 
coin is spun, when a marble is shot from the foreknuckle by 
the nail of the thumb, or when a bowl is sent towards the 
jack: and are operated in conjunction with mechanical ex- 
tensions of the fingers as when a top is spun with a string 
or a javelin is spun with an amentum, the string being a 
mechanical extension of the forefinger device. The cricket 
bowler perhaps could spin the ball without the help of the 
thumb, and a boy might be able to spin a top without the 
help of his thumb. The thumb however is certainly of use 
in the spinning actions, but its essential purpose is perhaps 
to act as a clasp to secure the missile or weapon to the hand. 

The jumping-wei^t is held to the four fingers partly by 
the pressure of the thumb on the stone. The thumb forms 
a clasp to connect the stone to the hand, and the four fingers 
also form clasps; and each of the human clasps works in 
co-operation vrith the others. One reason why the forefinger 
is made to diverge from the others is evidently so that it can 
exert leverage on the stone. The fork of the thumb forms 
a catch to prevent the stone moving up the hand against 
which it is pressed by the fingers. The stone lands hdp to 
form the clasps, because they prevent movement of the stone 
up or down the hand. The tool markings also help to hold 
the stone to the hand and fingers by providing indentations 
tor the skin and flesh to sink into and projections to press 



ATHLETIC MISSILES 233 

into the skin. But it is difficult to distinguish the rifling, 
chequering, and clasp devices. 

Trigger and trigger spring mechanisms are formed by the 
fingers. Strong trigger springs must be formed to enable the 
fingers to clasp the stone firmly. The trigger spring is opened 
to receive the stone and then closed. The stone is not 
thrown, and the trigger is not set free during the jumping 
movements. 

Figure 25 shows an engraved votive discus of the sixth or 
fifth century before Christ, representing a Greek athlete with 
haltcres, or jumping-weights, preparing to jump. The discus 
is 8^: inches in diameter and weighs rather more than 4 lb. 



Fra. 25. ATHLETE PREPARING TO JUMP 

British Museum Guide Book 


On the reverse side, which is not shown here, is a representa- 
tion of an athlete holding a javelin in his Jiands and 
apparently about to throw it. 

The Pole Vaulter 

The weapon of the pole vaulter is somewhat similar to 
that of the javelin thrower or wielder of a thrusting spear. 



234 


MECHANICAL BIOLOGY 


It usually has a sharp iron or steel point, so that it will stick 
in the ground, and is indeed a type of spear; but it is not 
used directly against an opponent or target as the javelin or 
spear is used, but is used to throw the body, or missile. The 
javelin forms the missile of the javelin thrower, but the body 
forms the missile of the pole vaulter, and the pole is used 
only as part of the machinery which wields the body and 
throws it. When the javelin is thrown the body remains at 
about the throwing point; but when the body of the pole 
vaulter is thrown the pole remains at about the throwing 
point. The pole vault is therefore in many respects the 
reverse of the javelin throw. 

The barrel of the pole vaulting machine is formed in some- 
what the same way as the barrel of the thrusting spear 
machine. Riflings and other devices are formed only by the 
body. 

The Hammer and Weight 

The hammer of the hammer throwing machine consists 
nowadays of a heavy ball to which a steel wire with a stirrup, 
or stirrups, for the hands is fastened. According to Olympic 
Games* regulations the weight of the apparatus must be not 
less than 16 lbs., and the length not more than 4 feet. The 
modem hammer is thrown from a circle of 7 feet diameter, 
and in order to obtain momentum for the throw, the thrower 
turns round two or three or more times before throwing the 
hammer. 

Both hands are used to wield the hammer. When two stir- 
rups are provided, one is usually a little longer than the 
other and is held by the left hand. When only one stirrup is 
provided one hand is placed on the stirrup bar and the other 
is placed over it. The barrel is in two parts when two 
stirrups are used, one part being formed by the insides of 
the fingers of one hand as they curl round the bar of one 
stirrup, and another part by the fingers of the other hand 
placed round the other stirrup. The two parts are parallel 
and side by side when the thumbs aud middle joints of the 
fingers of each fist face and touch each other. The thumbs 
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and middle joints of the fingers of each fist form a fairly flat 
surface, and when the two surfaces are dose together a kind 
of very large fist is made by the two fists together, to which 
the ball of the hammer beats some remote resemblances in 
size and shape; and the ball is probably a mechanical exten- 
sion of the combined fists transferred to the other end of the 
wire or shaft. When one stirrup only is provided, a kind of 
fist is made by the hands as one is placed over the other. 

The stirrup does not lie in the breech of the hand, for the 
breech of the hand, that is the device formed by the palm, is 
at some distance from the bar of the stirrup. 

To prevent the hands being hurt by the stirrup or stirrups, 
sometimes stout leather gloves are worn. The barrel is then 
partly mechanized by means of the parts of the gloves in 
contact with the stirrup or stirrups, the parts of the glove in 
contact with the bar or bars forming a kind of artificial skin 
for the fingers, 

. The fastenings which hold the bar or bars to the hands are 
human and formed by the fingers which form clasps as they 
curl round the bar or bars. The fastenings axe partly mech- 
anized when gloves are worn, for parts of the ^ove then 
become parts of the clasp devices. The hammer is released 
by the finger clasps being made to relax and straighten. The 
dasps are of much the same types as those formed by the 
ends of the strings of slings, which wiU be discussed in the 
chapter on the sling. 

Power is generated by rapid turns of the body, the ham- 
mer being swung around the body and use being made of 
centrifugal force. 

To prevent the wire twisting, the head of the hammer is 
fastened to it by means of a swivel, which is a crude mech- 
anical reproduction of the elbow or wrist joint. The swivel 
allows the head to turn, or spin, relatively to the wire and 
arms. The stirrups and wire and head cannot be separated 
and are thrown together. 

When the hammer has a stiff shaft, rigid parts of the 
wielding arms are given extensions. Bat when the shaft is 
of flexible cane, flexible components of the arms are also 
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mechanized. The steel wire serves perhaps as a mechanical 
extension for the rigid and flexible components of the wield- 
ing arms, for although the wire is of hard materials it is also 
flexible. According to F. A. M. Webster “in the actual 
turning, and before the final heave is reached, the arms act 
merely as a rope between the handles of the hammer and 
the body; ”3 and it is evident therefore that the wire acts as 
an extension of this “rope The complete rope, of course, 
is formed by the arms and by the wire, and is partly human 
and partly artificial. The rope formed by the arms is presum- 
ably formed by components like sinews, tendons, and 
muscles, but exactly how the human components form the 
rope is difiScult to determine merely from observation of the 
hammer throwing machine. But some information about the 
“ rope ” can be obtained after a study of the strings or cords 
or ropes of weapons like slings, bows, and trebuchets. 

The weight resembles the hammer, but it is heavier and 
there is no swivel or wire, but perhaps the wire is repre- 
sented by the link. According to Olympic Games’ regula- 
tions the wei^t of the apparatus must be not less than 56 
lbs., and the length not more than 16 inches. 

The weight is too heavy to be a mechanical reproduction 
of the fists, even allowing for much distortion. Possibly it 
is a mechanical reproduction of the stock or of part of the 
stock of the body, but this cannot be definitely stated. Barrel 
and rifling devices are formed much as in the hammer throw- 
ing machine. 

The recoil of the weight slinging machine is powerful; and 
care must be taken by the slinger to prevent himself being 
thrown by the weight. The recoil machinery is not mechan- 
ized. The weight is probably a modern form of the boulder 
or mass of metal thrown by the ancient Greeks. 


i Success in Athletics. 
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GENERAL OBSERVATIONS 

T he fist can be mechanized by fitting a roundish stone 
to the hand, the claws by fitting a baghnak lo the 
fingers. The stone can be recognized as a crude 
mechanical derivative of the fist because it has a remote 
resemblance to a fist, it is held in the partly clenched fisr, 
it partakes of the actions of the fist, it cannot have actions 
different from those of the fist, and so on. The baghnak 
can be more readily recognized as a mechanical derivative 
of the human claws, because resemblance of the baghnak to 
the human claws is closer than resemblance of the stone to 
the fist. 

Particular parts of the fist can be mechanized by means of 
the caestus or the knuckleduster or the gauntlet. The points 
or ridges of the knuckleduster are mechanical extensions of 
the knuckles over which they lie. The ring, or main part, 
of the Greek caestus is also a mechanical extension of the 
main knuckles. 

After some study of mechanical weapons, it becomes 
apparent that a mechanical part, unless in a transferred 
position, is always dose to its human counterpart. The 
human counterpart of a part of a weapon can therefore 
usually be known simply by noticing the part of the body 
holding it or in contact wi^ it 
According to Rule 3. a mechanical part originates as an 
extension of a human part Thus, one type of the mechanical 
fist originated as a stone held in the hand to dub an oppon- 
ent; types of mechanical knuckles as the ring or bar of a 
caestus; types of mechanical claws as the claws of a baghnak; 
and so on. Always the mechanical device emerges from its 
human counterpart, and forms an extension for it, and is a 
crude copy of it A mechanical part therefore emerges from 
the offensive machine as a kind of growth; and probably the 
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processes by which mechanical weapons originate and 
develop are similar to the processes of growth of plants and 
creatures. Therefore when a study is made of the ways in 
which weapons, or other mechanical contrivances originate 
and develop, some knowledge is obtained of the ways in 
which plants and creatures grow. 

A mechanical weapon becomes an integral part of the 
offensive machine when it is fitted to the body, and enters 
into organic relationships with it. This is evident also 
because the parts of the weapon arc arranged in the same 
ways as their human counterparts, necessarily because each 
is an extension of its human counterpart. The weapon par- 
takes of the life of the machine, and life is organized in the 
weapon as in the human counterparts, but more crudely 
because of imperfections and distortions of the mechanical 
parts. The property of life is given to the mechanical parts 
by the human parts, and they do not possess any life of their 
own. The weapon possesses no life when it is disconnected 
from the body. It is then merely a collection of pieces of 
materials. A leaf similarly, for example, possesses no life 
when disconnected from the tree, and becomes then merely 
a collection of pieces of materials. 

To mechanize the knuckles by means of a caestus requires 
also the partial mechanization of the skin of the hand and 
wrist and forearm and fastenings which hold the fist to the 
forearm. To mechanize any part of the fist by means of a 
caestus therefore requires means to be devised of mechaniz- 
ing various parts and devices of the wrist and arm. 

The fist and hard parts of the arm can be mechanized by 
means of the club. The handle is a mechanical extension or 
derivative of the wielding arm which extends along its length 
outwards, and the head is a mechanical extension or deriva- 
tive of the fist transferred to the end of the handle opposite 
its human counterpart. As a result of transferring the 
mechanical part of the fist, it becomes easy to distort it. and 
it is often distorted so much that it often has little resem- 
blance to a fist. Also, the heads of some clubs are not 
mechanical reproductions of the fist, but are mechanical 
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reproductions of the weapon formed by the open hand, as 
is evident often from their shapes and methods of wielding 
them. Some heads are perhaps mechanical reproductions of 
the shoulder blade. 

By transferring a device somewhat resemblmg a baghnak 
to the end of a handle, a rake can be made and the wielding 
hrms and daws can thus be mechanized. But a rake type 
of implement is seldom used as a weapon, but finds much 
use as a tool for gardening. The beak of a halberd however 
is a type of claw transferred to the end of a mechanical 
extension of the arms. 

By mechanizing a part of the offensive machine, the actions 
of that part can be magnified and extended, often to a very 
great degree. Parts can sometimes be easily ma gni fie d m 
size, weight, hardness, or sharpness, by simple types of ex- 
tensions. Thus, the thrusting actions of the fingers, which 
are small, can be considerably increased simply by fitting a 
pointed stick to the hand and using the point instead of the 
fingers. By hardening the point of the stick in the fire, they 
can again be increased. By making the point of iron or steel, 
they can be increased very greatly, so much so that it may 
be difficult to relate the thrusting powers of the fingers to 
those of the weapon. The smashing powers of the fist are 
small : they can however easily be increased by mechanizing 
the fist simply by placing a roundish stone in it. By mech- 
anizing the wielding arm and fist by means of a wooden club, 
much harder and heavier blows can be given than can be 
given by the unmechanized fist. By makmg the head of the 
club of iron, a sledge hammer can be made, and the fists be 
given very hard and heavy extensions. When a caber is 
fitted to the body, the barrel of the offensive machine is 
greatly increased in caUbre, and the missile or hitting part is 
very greatly increased in length and bulk. 

The cutting and slashing powers of the sides of the hand 
and arm are small. They can be somewhat increased by 
means of a wooden sword. By means of a metal sword, and 
especially a steel sword, the powers can be greatly increased. 

A stone can be thrown, or transferred to the end of the 
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trajectory. Similarly a club or sword or almost any hand 
weapon not bound to the hand can be transferred to the end 
of lie trajectory. When a roundish stone is thrown the 
artificial part of the fist goes forward to deliver the blow, 
but the human part remains behind. When a club is thrown, 
artificial parts of the fist and arm go forward, but their 
human counterparts remain behind. The parts of the 
mac hin e which are thrown, however, remain connected to 
the machine by the link of the trajectory, at least until trans- 
ference is completed. When the whole body is thrown, the 
entire machine is transferred along the trajectoiy to its 
opposite end. as for example, when the body is thrown in the 
long jump. 

When any human part is mechanized it is partly relieved 
of the task of directly carrying out offensive actions, although 
of course it must operate the mechanical part. Thus, when 
a roundish stone is held in the hand to club an opponent, the 
hand need not come into actual contact with him and 
directly deliver the blow. But indirectly and primarily the 
hand gives the blow, and comes into contact with the oppon- 
ent through the agency of the stone. 

The degree to which a human part is relieved of the need 
for directly carrying out offensive actions depends upon the 
degree of mechanization and is perhaps proportional to it. 
Thus, the fist is very little mechanized by means of a roundish 
stone, and must therefore go through the motions of club- 
bing the opponent, and the fitting of a stone cannot relieve it 
of this task. When a club is being wielded, the fist at the 
grip and the wielding arm must go through the motions of 
clubbing the opponent. When a shot is putted, although the 
shot alone goes all the way to the opponent along the trajec- 
tory, the hand and fingers go part of the way along the 
trajectory, and remain extended along it for some time after 
the ^t has left the hand, this action being seen in the 
"follow through” movement When the javelin is being 
thrown, at the beginning of the movements the shaft lies 
alongside the arms which are extended in opposite directions, 
the left arm being stretched towards the target and the ri^t 
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away from it, and the arms are aimed as well as their 
extensions. At the moment the javelin leaves the hand, the 
arms are again fully extended in opposite directions, but 
reversed, as if the arms themselves were being thrown. 

When any part is mechanized the human counterpart 
begins to lose the power of taking direct actions against the 
opponent. Thus when a club is being wielded the human 
fist and wielding arm cannot be used directly against the 
opponent, and can act only indirectly against him. No 
doubt an opponent could be hit by the fist which holds the 
handle, but the club would not then be used. 

The wielder of a stone, shot, club, baghnak, knuckle- 
duster, boxing glove, caestus, sword, or spear, must go 
through the motions of bitting, clubbing, clawing, slashing, 
or thrusting at the opponent, because die fist, claws, 
knuckles, wielding arm, and other parts, are only slightly 
mechanized. The archer and the rifleman, however, when 
they deliver blows or thrusts, which they do by shooting at 
the opponent, do not need to make the fist and arm go for- 
ward. because the bow and arrow machine and the rifle 
machine are more highly mechanized. The archer however 
must still go throu^ the motion, as be draws the strings, of 
separating the hands and drawing bade the right hand as if 
preparing to deliver the blow. The action of separating the 
hands is also performed by the rifleman as he pushes for- 
ward his left hand to hold the front part of the stock and as 
he operates the bolt. 

The archer and the rifleman have lost die power of per- 
forming many actions directly against the opponent. The 
wielder of the fists responds quickly to the movements of 
his opponent and anticipates them as skilfully as a lady ^ti- 
cipates the movements of her dancing partner, as is se^ by 
the rapidity with which the positions of the fists and feet are 
changed. But the archer and rifleman must keep thefr hands 
and feet in fixed or nearly fixed positions, or tiiey will not 
be able to aim*, mid cannot respond ea^y and qulddy to tiie 
movements of the opponent. 

The small degree of mechanization given by tilb fitting of 
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a caestus. club, sword, shot, javelin, or other type of weapon 
studied in the previous chapters can be realized by consi- 
dering that nearly all the wielding machinery is human. The 
stocks, butts, power devices, sights, recoil mechanisms, 
pivots, triggers, and magazines, for example, of all these 
machines are wholly human and no attempts have been made 
to mechanize them. 

Each type of oSensive machine must possess all the parts 
and devices any other type of machine possesses. If a part 
or device is not provided as a mechanical part or device, it 
will automatically be formed and supplied by the wieldcr’s 
body. Thus, for example, the club machine is provided with 
a partly mechanized arm and fist, but is not provided witli 
a mechanical stock, butt, lock, front sight, rear sight, or 
recoil apparatus. These parts and devices are therefore 
automatically provided by the wielder’s body. If any part 
or device is not provided, then of course the machine can- 
not work properly. 

Each type of offensive machine is merely a variation of 
the ffst or claw or other human machine. The club machine, 
for example, is a variation of the ffst machine, the wielding 
arm and fist being given mechanical extensions. The human 
types of the machine therefore include all other types of the 
machine, and no type of ofl!ensive machine can be made that 
is not a variation of a human offensive machine. It will be 
shown later that machines like the bow and arrow machine, 
the crossbow machine, and the rifle machine, are merely 
variations of human offensive machines made by mechaniz- 
ing a few of their parts. Probably the atom bomb machine 
is merely a variation of the human offensive machine, ob- 
tained by mechanizing and distorting the power apparatus 
rather more than it is mechanized and distorted by means 
of the gun machine. The production of the atom bomb 
machine probably marks a very small advance in the process 
of mechanizing the offensive machine. 

No part of the human offei^ive machine cai* be completely 
mechanized. This is evident from Rule 2 which shows that 
a weapon cannot be formed only from mechanical parts and 
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without humaa counterparts. As a pari is more mechanized, 
the human counterpart is more released from directly operat- 
ing the mechanical part: and it then begins to appear as if 
the human counterpart plays no part in operating the weapon. 
Thus, for example, with some modem types of guided 
missiles, the immediate operator might be out of sight of the 
missile, and it might seem to anyone unacquainted with the 
ways weapons originate and develop that the weapon anu 
wielder were very little connected. This would be a fallacy, 
and would demand the belief that the weapon was endowed 
with a degree of organic and sentient life sufficient to make 
it to some extent capable of acting by its own volition, a 
manifestly absurd belief. As has been pointed out above, 
the archer is released from the need for making his arm go 
forward to deliver the blow or thrust. The offensive machine 
is very little mechanized by means of a bow and arrow, and 
yet the archer’s arm can seem to take no part in hitting the 
opponent. As mechanization increases the wielder’s body 
seems to take less and less part in operating the weapon; but 
even a little study of weapons with reference to the human 
body shows that the dependence of weapons on human 
mechanisms never becomes in any way less through mech- 
anization, and that the modem and complex weapons are as 
closely related to their human counterparts as the club is to 
the fist and arm. 

Because each part of a weapon must have its human 
counterpart and be operated by it, it follows that every 
weapon is under human control. No weapon, of course, can 
take any action except in so far as it is moved and operated 
by its wielder or wielders. and the actions of a weapon can 
be only extensions of those of its wielder or wielders. 
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THE CROQUET MALLET 

A part of a mechanical weapon is always close to its 
human counterpart, unless it is in a transferred posi- 
tion. Hence it is usually easy to discover the part 
of the body from which a part of a weapon has been derived, 
by noticmg the part of the body against which it lies. The 
croquet mallet is evidently related to the leg and foot, for it 
is placed, preparatory to hitting the ball, alongside the right 
leg and foot, with the shaft or handle alongside the leg and 
the head of the mallet alongside the foot; and in particular 
the handle is related to the leg and the head of the mallet to 
the foot. 

The widder could make a contrivance with his leg and 
foot for use as a mallet, but does not do so, and instead pro- 
vides himself with a rudimentary mechanical copy of the leg 
and foot contrivance in the form of the mallet. This gives 
him several advantages. It releases his leg and foot from 
the task of directly propelling the ball (Rule 5); and saves 
his leg and foot from the jar and hurt that would be received 
through striking the ball. The artificial contrivance can also 
be distorted from the form of the human contrivance, and 
the head can be made harder and heavier than the foot. The 
face of the head can be made blunter and flatter and larger 
than the wielder’s toe. and the ball can thus be more accur- 
ately directed. 

The mallet is fairly closely related to the leg and foot in 
dimensions. It is usually about 39 inches long, and thus 
reaches about to the groin. The shaft is therefore about the 
length of the whole leg. It is not jointed at its middle as the 
leg is jointed at the knee, and the knee joint is not repre- 
sented on the shaft, which corresponds to the contrivance 
that would be made by keeping the leg straight and stiff. The 
head of the mallet is rather shorter than the foot, and is 
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distorted to a shorter length. The shaft and head together 
somewhat resemble a leg and foot (Rule 1). The mallet is 
swung in much the same way as the whole leg and foot can 
be swung; and the actions of the maUet when being swung re- 
produce in a crude way the actions of a leg and foot when 
being swung. There can therefore be no doubt that the mallet 
is a rudimentary mechanical embryo of the contrivance that 
could be formed by the whole leg and foot swung to strike 
or hit an object. But the mallet is often swung between the 
legs. When it is so used, it probably serves as a rudiment- 
ary mechanical extension for both legs and feet. To 
understand the nature of the mallet therefore it must be 
studied as an implement that can represent either the right 
leg and foot or both legs and feet. 

The mallet is held and wielded by both hands; and it 
must therefore be also a mechanical extension of the arms 
and fists. This is possible because biologically the arms and 
hands or fore limbs are constructed on the same plan as the 
legs and feet or hind limbs. The upper leg has one long 
bone, the lower leg two long bones; similarly the upper arm 
has one long bone, the lower arm two long bones; the arm 
is jointed to the body by a ball type of joint, the leg by a 
siniilar type of baU joint; and so on. Indeed biologically the 
aims are types of legs. Therefore because the fore limbs and 
hind limbs are similar structures, it seems a croquet mallet 
can form extensioi^ simultaneously for the legs and feet and 
for the arms and hands or arms and fists; and if the head of 
a maUet is a copy of the foot or feet it can at the same time 
also represent the fist or fists. 

The shaft and arms together form a kind of composite 
arm, partly human and partly artificial, to wield the rudi- 
mentary and distorted copy of the fists, mechanical 
extensions of the fists being formed by the head of the 
mallet, the mechanical extensions being transfeurred away 
from their human counterparts to the lower end of the mallet 
opposite the human fists. The right arm is placed alongside 
the upper half of the shaft, the right hand grasping the shaft 
at about its middle. The left hand grasps the shaft at or 
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near its top, with the forearm about at right angles to the 
shaft. The left elbow is placed against the body. The upper 
left arm does not move much, and the shaft when it is moved 
does not extend the actions of the left arm to any extent; 
and perhaps therefore the shaft is a mechanical extension 
for the right arm and left forearm only. The shaft swings 
round the hinge or pivot formed by the left elbow joint. 

The mallet is thus a mechanical extension of two 
human contrivances, one being the contrivance formed by 
the arms and fists, and the other that formed by the leg 
and foot, or legs and feet if the mallet is swung between the 
legs. 

Very often a mechanical contrivance serves simultaneously 
as an extension for two human contrivances. Thus, a walk- 
ing stick serves as a mechanical extension for a leg and 
hdps the leg by taking some of the weight of the body off 
the leg, and by giving a thrust on the ground to help the leg 
forward, and in other ways; and also at the same time serves 
as a mechanical extension for the arm. and allows a kind of 
long arm to be formed to push on the ground to help the 
body onwards and assist the leg. Several examples will be 
given later of parts of weapons which simultaneously repro- 
duce two human offensive contrivances. 

The shaft is approximately cylindrical, but swells as it 
approaches the head and diminishes quickly in girth as it 
enters the head. The upper half is not, as a rule, circular in 
section, but octagonal, with the octagon somewhat flattened 
at the sides of the shaft. The lower half of the shaft is 
usually circular in section at all parts. 

Bindings are occasionally placed on the shaft, but usually 
the shaft is left bare; but the human barrel is rifled with 
eight grooves if the grip is of octagonal section, the ridges 
along the shaft making grooves in the skin and flesh of the 
human barrel. 

The barrel is human, and formed by the hands. It is in 
two parts, one part being formed by the right hand fingers, 
at about the middle of the shaft, and the other part by the 
left hand fingers near the top of the shaft. The two parts 
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arc therefore separated by about half the length of the shaft. 
The shaft has no movements relative to its barrel, that is it 
does not move through it as, say, a bullet moves through 
its barrel, and the barrel and shaft are fastened together. The 
axis of the human barrel coincides with the axis of the 
shaft. Since the mallet is swung approximately round the 
horizontal axis of the left forearm, all parts of the shaft 
move in arcs of circles round this axis; and therefore the 
shaft moves at right angles to the axis of its barrel instead 
of along the axis as a bullet moves. It will be remembered 
that somewhat similarly a caber moves at right angles to and 
not along the axis of its barrel. Apparently, a weapon or 
missile must move either along or at right angles to the axis 
of its barrel but cannot move in any other direction (Cp. 
Rule 10). 

When the mallet is swung at the side, in most styles the 
right hand fingers are in front of and the left hand fingers 
are behind the shaft. The spirals formed by the spaces 
between the fingers are more nearly parallel to the axis of 
the shaft in the case of the right hand than in the case of the 
left hand, and the spirals of the left hand or upper part of the 
barrel may be in planes almost at right angles to the axis of 
the shaft. The pitches of the riflings of the two parts of the 
barrel are therefore not the same. The riflings of the lower 
part of the barrel, formed by the right hand fingers, have a 
steep left handed screw twist; those of the upper part of the 
barrel seem to have a slight left handed twist. 

As has been stated, the interior of the human barrel is 
rifled by the eight ridges of the octagonal shaft. It is also 
rifled by its own devices, formed by the grooves between the 
fingers. The interior of the barrel therefore has a type of 
mechanical rifling and two types of human riflings on its 
inner surfaces. The human riflings are of two types because 
the pitches of the screw threads are different at the upper 
and lower parts of the barrel. The mechanical rifling is a 
crude counterpart of the human riflings, but correspondence 
is very remote, and the mechanical and human riflings do not 
fit into each other as. say, the riflings on ihe driving band of 
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a shell fit those on the interior of a gun barrel A purpose 
of the octagonal ridges is to help the hands to obtain a good 
grip; and the ridges are therefore also chequering devices; 
and the mechanical rifling and chequering devices are com- 
bined and not separately mechanized. 

If the mallet is swung between the legs the two parts of 
the barrel may be close together, that is the hands may be 
close together. The fingers of each hand may then be in 
front of the shaft; and the right hand or lower hand fingers 
then form left handed screw threads, and the left hand 
fingers form right handed screw threads. 

The shaft is held against the palms of both hands, and 
dierefore lies in the breech of the machine which is formed 
by the palms. The breech, like the barrel, is approximately 
cylindrical, and also like the barrel is rifled by the ridges of 
the octagonal shaft. 

Riflings are represented on the lower part of the shaft when 
bands are painted round it. If the croquet set is for four 
players, one mallet may have one band, another two bands, 
another three bands, and the fourth four bands painted on it. 
The ostensible purpose of the bands is to distinguish the 
mallets and relate them to the balls and players, the third 
player for example usually playing with the mallet with three 
bands and the ball with three bands. But the bands are 
types of riflings, although of no direct help in spinning the 
ban. The bands are of sli^tly larger girto than the shaft, 
because of the thickness of the paint, and the slight ridges at 
the ends of the bands can be felt. Often the mallets and balls 
are distinguished simply by painting the balls different col- 
ours, one being painted say blue, another black, another red, 
and the fourth yellow, and a band of colour to match a ball 
may be painted on the lower part of the corresponding 
mallet. 

The ball which is Usually 3|' inches in diameter is solid, 
spherical, and made of boxwood, beechwood, or other wood 
which does not easily split Composition balls are also used. 
The ball is sometimes machined all ovm; With fine lines which 
form a pattern of chequering. But sometimes the ball is not 
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machined all over, but has a band or bands o£ lines cut 
lightly in its surface, the first ball having one band, the 
second two bands, the third three bands, and the fourth four 
bands, so that a player with a mallet with say three bands 
painted on it will play with the ball with three bands of lines 
machined on it. On a set of balls on the author’s table each 
band is 11 ram. wide, and is formed by 9 lines, the two outer 
or side lines of each band being cut rather wider and deeper 
than the inner ones. One ball, no. 2, however, has its two 
bands 12 mm. wide and formed by 12 lines, this ball being 
rifled slightly differently from the others, and perhaps has 
been made by a different workman or has been made at a 
different time from the others. The difference is apparent 
only with close observation. 

The head is a solid cylinder with flat ends. Either face 
can be used to hit the ball; and when one face is used the 
mallet is reversed compared with its position when the other 
face is used (Rule 11). The head is socketed, with a hole 
through it to receive the tang of the shaft. The axis of the 
shaft is at right angles to the axis of the head; and a blow 
is therefore always given at right angjes to the axis of the 
human barrel. The bottom of the mallet’s head is occasion- 
ally cut away, so that it has a fiat foot. It may be left bare, 
but sometimes a brass plate is screwed on, giving the bead 
a metal sole. 

The ball becomes part of the head of the mallet, and 
therefore an extension of the fists or feet, during the time 
the ball and head are in contact; and the connection between 
the ball and head is emphasized by the circumstance that 
the riflings on a ball, when the ball has bands machined on 
it, and on the mallet that hits it are of the same type and 
correspond in number, ball no. 4 for example having four 
bands of lines on it and being hit by a mallet with four 
bands painted on it 

The riflings or chequerings on a ball become partly trans- 
ferred to the face of the mallet when contact is made; and 
the transferred markings can often be seen on the face. The 
impact of the mallet on the ball is violent, and although the 
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mallet is made of hard wood, the face is not hard enough 
not to take the impressions of the riflings and chequerings 
from the ball. New impressions ate received each time the 
ball is hit, and some previously received may be nearly 
obliterated. On a mallet on the author’s table impressions 
of the rifled bands of the balls, which were transferred to 
the faces of the mallet’s head many months ago, can still be 
clearly seen, and will probably remain until the next game 
is played, when they will be nearly obliterated and new ones 
received. The ways in which parts and devices of weapons, 
or other mechanical instruments, can be transferred is well 
illustrated in the transferring of the riflings and chequerings 
of croquet balls to the faces of the mallets. 

The riflings on the faces of the mallet are not sufficiently 
well transferred to be able to see from which ball they have 
been received, but because the mallet has four blue bands 
painted round its shaft, presumably it was used to hit the 
ball with four bands, and the riflings on its faces probably 
are types of riflings which correspond to those on the ball 
with four bands. 

Mechanical sights have been fltted to croquet mallets, in 
the form of looking glasses fastened to them, in which the 
ball aimed, at was reflected, or in the form of black lines 
painted on the mallets to help to guide the eye. ‘ Although 
mechanical sights do not seem to have been of much use 
and have been discarded, a study of them would help to show 
how the croquet player aims; but the author has not seen 
mallets with these mechanical sighting devices and therefore 
cannot discuss them. Modern mallets have no mechanical 
sights; and since the devices are human little can be learnt 
about them, except in a general way. 

The elevating devices of the croquet machine are not 
mechanized; and the ball is hit along the lawn in the direc- 
tion of the axis of the mallet’s head and at right angles to the 
axis of the barrel. The ball, however, can be made to jump, 
by hitting it against the ground, but the reaction of the 
ground is then made use of to give elevation to the ball. The 

t CdSMll’s Book of Sports and Pastimes. 
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faces of the mallets are vertical, and not set at different angles 
to the vertical after lire manner in which the faces of golf 
clubs are set. The trajectory of the ball is flat, and if the 
lawn is smooth is a straight Ime. The trajectory therefore 
differs from that of a ball thrown or hit through the air, 
whose trajectory is parabolic in form. There is, however, 
no fundamental difference in the types of trajectory, because 
mathematically a straight line is a limiting form of a para- 
bola or other conic section, and also because a ball hit along 
the surface of a lawn, if the surface follows the shape of the 
surface of the earth, is hit along the circumference of a 
circle or ellipse. 

A crack or bang is heard at the moment the croquet ball 
is propelled, and another one is beard when it has reached 
the end of its trajectory if it then hits another ball or the 
post, one report being heard when the missile is at the 
beginning and the other when it is at the end of its trajectory 
(Cp. Rule 9). A thud or smack can often be heard when the 
wielder of the fists hits his opponent, but a human weapon 
like the fist or claws is propelled silently, and a report is 
heard only when it teaches the end of its trajectory and the 
opponent is hit. The report when the croquet ball is pro- 
pelled is distinctive, and different from the report when a 
golf ball or other missile is propelled. 

The sound of the golf hall or bullet as it traverses its 
trajectory through the air can be heard by anyone near its 
trajectory as a kind of whisfling or whining sound. The 
sound of the croquet ball as it traverses its trajectory and 
rolls along the lawn cannot easily be heard because a lawn 
does not act as a good reverberating material. But when a 
ball is hit or rolled along hard ground or along a board the 
sound can be very clearly heard, and somewhat resembles 
thunder. The sound of nine pins rolling has been compared 
by Washington Irving to distant thunder. The reader will 
remember that Rip van Winkle when climbing the mountain 
side heard “ long, roiling peals, like distant thunder.” When 
he entered the cavern and saw that a game of nine pins was 
being played, “ nothing interrupted the stillness of the scene 
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but the noise of the balls, which, whenever they were rolled, 
echoed along the mountains like rumbling peals of thunder.” 
Washington Irving, of course, exaggerated the noise made by 
the balls, but evidently believed the comparison of the noise 
of a ball rolling on a hard reverberating surface to that of 
distant thunder would carry conviction to the minds of his 
readers. 

A distinctive noise is made by each type of the otfensive 
machine as the blow or thrust is delivered. But each type 
of report is merely a variation of any other type; and the 
report heard when the gun machine or atomic bomb mach- 
ine delivers its blow is similar to the report when, say, a 
croquet ball or billiard ball is hit; but increasing the degree 
of mechani2ation of the propulsive mechanisms makes the 
report of the gun machine louder than that of the croquet 
machine and that of the atomic bomb machine still louder. 
But no diflerence of principle is involved, because the gim 
machine or atomic bomb machine is merely a variant of the 
croquet machine or any other offensive machine, differing 
only in the degree of mechanization. 

It was remarked above that the fist machine makes no 
noise as it ddivers its power, and very little as the blow is 
^ven. This is because it is a hi^y efficient machine. In 
general, the more noise a machine makes in operation the 
less efficient it is. Therefore the gun machine is less efficient 
than the fist machine, and the atomic bomb machine still less 
efficient. There is indeed a loss of power at every stage of 
manufacture of the gim machine, and the loss in the making 
of the atomic bomb machine is vay great. There is however 
almost no loss of power in forming the fist machine. This 
does not mean the atomic bomb machine is a less effective 
machine than, say, the fist machine or the bow and arrow 
machine. Offensive machines cannot be compared with each 
other for effectiveness, because a man killed by a blow from 
a fist or dub or a thrust from an arrow is as dead as one 
killed by a bullet or an atomic explosion, and there are no 
degrees of deadness. But one type of offensive machine can 
be more effective for certain purposes than anoth^ type; 
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and a great number of people working together may find it 
more advantageous to compose an atomic bomb machine 
than to compose a multitude of fist machines. 

No absolute advantages of course can be gained by in- 
creasing the degree of mechanization of a human machine, 
any more than, say, any absolute advantage can be gained 
by a man using a lever. It is commonly explained that when 
using a lever what is gained in power is lost in speed; and 
somewhat similarly what is gained in power by making for 
example an atomic bomb is lost in time. But the use of a 
lever may give advantages for raising a heavy weight and 
the use of an atomic bomb may give the advantage of allow- 
ing one big blow to be delivered instead of a multitude of 
small blows. 

The name of the maker is often stamped on the head of 
the croquet mallet. The name device is not an offensive 
device, and does not add to the efficiency of the implement, 
but serves as an advertisement for the maker and a guarantee 
to the user. The device has no corresponding human counter- 
part, except perhaps in the tattoo marks sometimes made on 
the body to frighten an enemy. The name device has some 
correspondence to the name of a firm or organization 
stamped on a person's body. At some public entertainments 
to prevent people who have not paid gaining admission, the 
name of the organization or some other identification mark 
is stamped on the body, say on the inside of the wrist, of 
any person temporarily leaving the premises. This practice 
was common a few years ago in the author’s parish. In 
elections in Ashanti villages, “pads of indelible ink are in- 
serted in the lids of cigarette tins; and each elector having 
cast his vote, is required to press his thumb upon such a pad 
... to prevent him voting a second time. Europeans who 
desire to vote are, to the disgust of some of them, subjected 
to this check.” * The maker’s name is usually stamped on 
a croquet mallet, cricket bat, hockey stick, or other games 
club. 


^The Daily Telegraph, February 3rd, 1951. 
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THE GOLF CLUB 

T he implement used by the golfer for hitting the ball 
IS called a dub. That it is a club is evident from iis 
shape and the manner m which it is held and wielded. 
Also the word golf is said to be related to the German word 
koJbe, a club, and to the Dutch word koH. a club, the name 
of the striking implement being given to the game itself. 
According to Strutt a game called club-ball played many 
centuries ago in England diftered from the golf or goil 
played in his day mainly in being played with a curved in- 
stead of a straight bat. 

The shaft of the wooden-shafted dub is nearly conical in 
shape, tapering to its smallest girth near the head, but the 
shaft of an iron-headed club may increase slightly in girth 
from the place of smallest girth as the head is approached. 
The shaft is held by both hands, which form a barrel and 
breech for the club. The hands are placed close together, 
and a part of one hand is sometimes placed over the other. 
The parts of the barrel are closer together than when a 
thrusting spear is held, and the barrel is usually continuously 
formed. The shaft has no movement along the axis of the 
'barrel; and both shaft and barrel move in a direction at right 
angles to the axis of the barrel which is also the axis of the 
shaft. 

An artificial extension for the barrel is provided for 
wooden-shafted clubs by the strip of leather wound spirally 
round the grip. A kind of conical tube whose interior sur- 
face coincides with the exterior surface of the shaft is formed, 
,and serves as an extension for die skin of the interior of the 
barrel and breech. The artificial tube has some correspond- 
ences of materials to the human skm when it is made of 
leather, for leather is made from skin and has many of its 
features and properties. A continuous and fairly regular 
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spiral groove is formed between the turns of the leathci 
strip. The skin sinks into this groove at certain places as 
the hands make their grips, and impressions ol the mechani- 
cal riSing are reproduced on, or tiansferred to, the interior 
of the human barrel; and the barrel becomes rihed with an 
elementary type of mechanical iifling as well as with its own 
riflings. The spiral groove formed by the leather thong has 
a left handed screw thread, and a pitch about the same as 
that of the rifled grooves of the right hand; and it seems the 
mechanical rifling is meant to correspond to the human 
riflings of the right hand. But the mechanical and human 
riflings do not fit. The left hand fingers are usually to the 
front of the shaft, and therefore form right handed screw 
threads which cross the mechanical rifling almost at right 
angles. The types of grips made by golfers vary consider- 
ably, and makers of goll clubs could not make spiral grooves 
to fit the spirals of the hands with any advantages, especially 
as the golfer seldom holds the shaft twice in exactly the same 
place or way. 

The ends of the leather tube of the wooden-shafted club 
are usually secured by being bound with a few turns of fine 
twine, and the grooves formed between the turns make types 
of close riflings of different pitches from those formed by 
the leather strip. The hands become rifled with impressions 
from the twine binding at the top of the shaft, if they are in 
contact with it; and occasionally when thfe hands grip the 
shaft lower down, by the twme binding at the lower end of 
the grip. 

The dasps which hold the shaft and hands together are 
not mechanized, and cannot therefore easily be studied. 
Some things can be known about them, in a general way. 
The clasps are formed by the fingers, each finger forming a 
clasp separate from but in conjunction with the clasps formed 
by the other fingers. The clasp formed by a finger is con- 
tinued within the main part of the hand and through the 
wrist to the forearm. Each of the throe joints of a finger 
forms a part of the clasp formed by that finger. The ability 
to form a dasp is given through the finger being made 
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capable of bending at three places. Some clasps are formed 
over or partly over others, when one hand is placed partly 
over the other. The clasps of one hand are reversed com- 
pared with those of the other, for the fingers of one hand go 
round the shaft in one direction and those of the other go 
round in the opposite direction. The clasps vary in tight- 
ness and in forms during the wielding movements; but are 
not undone, for the shaft does not leave the hands. They 
are formed differently by different players, and differently 
also by a player when wielding different types of clubs. The 
skin helps to form the clasps and varies in tightness during 
the wielding movements. Information about clasp devices 
can however be obtained more easily, and perhaps can only 
be obtained, by the indirect method of studying elementary 
mechanical models of clasps which can be seen on certain 
varieties of the offensive machine like slings and cross- 
,bows. 

The club is wielded by both hands; and its shaft there- 
fore corresponds to and forms an extension for both arms, 
and its head forms a mechanical extension for both fists or 
hands. But the club is also probably a mechanical extension 
of the legs and feet This is suggested by the fact that when 
the golfer is taking aim, or addressing the ball, the sh^t is 
fairly close to the legs and feet with its head on or nemly 
on the ground. The human prototype of a wooden-headed 
club can be seen in the arm and fist, if the fist is placed 
palm downwards on the ground. The shaft then corresponds 
to the arm, and the head of the club corresponds to the fist, 
with the face of the head or hitting part corresponding to the 
forefinger side of the fist. But the human prototype of the 
club can also be seen in the contrivance formed by a leg and 
foot; and the action of the club in hitting the ball is some- 
what similar to that of a foot when some object is hit or 
kidted with the side of the foot. 

Clubs with iron heads, like the cleek, driving iron, mashie, 
niblick, and putter, have rudimentary resemblances to a leg 
and foot, but have less resemblances to a fist and arm than 
a wooden-headed dub possesses. They probably reproduce 
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a contrivance that could be formed by an arm and hand to 
scoop up an object. 

The elevating devices of the golfing machine are partly 
mechanized and the golfer does not directly give elevation 
to the ball. The hitting faces of the clubs are set at different 
angles to the vertical. Thus, the face of a wooden driver 
may be only slightly inclined to the vertical, and the ball is 
given little elevation when hit by this club; but the face of a 
mashie or niblick is more inclined, and the ball is given a 
greater elevation and is hit more up into the air. To change 
the elevation the golfer uses a club whose head’s face is set 
at a different angle to the vertical, and the elevation can thus 
be more or less automatically changed by use of a different 
dub. The rifleman elevates his bullet or ball by raising the 
barrel until the line along the sights points to the part of the 
target to be hit, and he has no mechanical devices to help 
him to move the barrel to send the missile at a different 
elevation. If the golfer always hit with the same power, it 
would be possible to know the range of each club. Indeed 
it is said the angles of the faces originally were set for the 
dubs to have definite ranges. Thus, the mid iron was 
originally designed for a range of 135 yards with the old 
hard ball. i But the power mechanisms of the golfing mach- 
ine are not mechanized, and the amount of power that can 
be delivered by the golfer is infinitdy variable. As a result 
of partly mechanizing the power of the gun machine, the 
ability to vary the power has been almost atrophied, and the 
rifle machine or howitzer machine for example delivers the 
same power whatever the range (Cp. Rule 6). 

The elevation given by any club can be easily seen, if the 
club’s face is held upwards and horizontal. The shaft is then 
set approximately at the elevation given to the ball, and its 
inclination to the horizon shows the angle of elevation, the 
shaft pointing in the direction of the shot. 

The sighting devices of the golfing machine are not 
usually mechanized. But they are slightly mechanized when 
a line or band is marked on the top of the head of a wooden 


f Marshall Whitlatch, Golf. 
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club to assist the eye in directing the club’s head against the 
ball, Figure 66. On the offensive machine the sighting 
devices are primarily formed by corresponding knuckles 
of the hands, the fore-knuckle of the left thumb, for example 
sometimes forming the front sight and the fore-knuckle of 
the right thumb the back sight, a line being taken along the 
tops of the knuckles which form types of V sights. But it 
is difficult to discover which devices are used by the golfer 
and how he uses them to obtain his line of sight. 

Markings or lines are cut lightly on the flat surface of the 
part of the head which hits the ball. These are rudimentary 
mechanical copies of the markings on the skin of the hands, 
transferred away from the hands to the head of the club at 
the opposite end of the shaft (Rule 8). Various patterns of 
markings or chequerings are used, each maker providing 
patterns that he thinks will allow the best grip of head on 
the ball. The patterns, for example, are sometimes in the 
form of rows and columns of marks like dots, sometimes in 
the form of parallel lines, sometimes in the form of a set of 
parallel lines cutting another set at an angle. Figure 66. 

A common type of chequering is formed by a set of paral- 
lel lines crossing another set of parallel lines at an angle, so 
that many diamond shaped figures are formed. This type of 
chequering resembles that provided for the stock of a nine- 
teenth century bullet-shooting crossbow at the small of the 
butt, or for the small of the stock and fore part of the stock 
of a double-barrelled shot gun. The purpose of the 
crossbow or shot gun chequerings is to help the hand to 
obtain a good grip of the weapon. The chequerings on a 
crossbow or shot gun are derived immediately from the 
hands, for the hands are in contact with them (Rules 1, 3, 
and 7); but those on the golf dub only indirectly from the 
hands, for they are not in contact with the human hands but 
are in a transferred position on the face of the head of the 
club (Rule 8). 

The golf club and the rifle are different types of weapons; 
but the golf machine and the rifle machine are similar mach- 
ines differing mainly in ways of mechanization, and in each 
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machine some parts are mechanized that are not mechanized 
in the other machine. In some ways the golf machine is more 
hi^y mechanized than the rihe machine, in others less 
highly mechanized, as can easily be seen. For example, the 
stock of the rifle machine is partly mechanized by means of 
the wooden stock of the rifle, but that of the golf machine 
is formed only by the stock of the body. The elevating 
devices of the rifle machine are not mechanized, but those of 
the golf machine are partly mechanized by means of the 
differently inclined faces of the heads. The skin of the human 
barrel is given an extension in the golf mach ine by means of 
the leather tube which reproduces fairly closely the materials 
of the skin; the metal barrel of the rifle machine reproduces 
the materials of the skin of the human barrel much less 
closely. The rifle’s stock has no chequerings cut on it, and 
the hands must provide the chequering devices which there- 
fore are wholly human and unmechanized; the golf club has 
mechanical chequerings on the face of the club. The power 
machinery of the golf machine is wholly human, but that of 
the rifle machine is partly mechanized by means of the gun- 
powder or cordite or other explosive charge. The mechan- 
isms which allow an infinite variation in the power charge are 
however not mechanized in either machine, and although the 
golf machine can easily use these mechanisms, in the gun 
machine, as has been pointed out, they cannot easily be used, 
unless the cumbrous and slow method is used of selecting 
cartridges with different amounts of explosives. And so on. 
It can therefore be understood that it is difficult and perhaps 
not possible to compare the degrees of mechanization of the 
two machines. 

A wooden-headed dub is sometimes loaded with lead. The 
club then has some dose relationships to a life preserver 
whose head is somewhat similarly loaded. The head of the 
golf club is loaded for much the same reason as the head of 
a life preserver, viz., to add to the weight of the blow. 

The ball becomes part of the dub’s head while the head 
and ball are in contact. There is a very close fit of ball and 
head during the time they axe in contact, but no permanent 
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fastenings are formed, and the type of fastening that is formed 
allows separation without any drag of head on the ball. At the 
beginning of contact, a point contact is made. The ball col- 
lapses as the head continues its forward movement, and be- 
comes flattened against the face of the dub, and a surface is 
formed to match the face uf the club. If, as is usual, the face is 
incised with chequerings, they will be reproduced on the 
flattened part of the ball, thus ensuring a good and accurate 
fit, with parts of the head and ball fitting into each other. 
The head and ball cease to be materially connected, probably 
when a second point contact is formed, that is when the ball 
has recovered or nearly recovered its shape and is again in 
contact with the head only at a point. The fact that the ball 
collapses and becomes flattened against the face of the club 
can be seen if the face is covered with chalk before the ball 
is hit. After the hit, the chalk will show the shape to which 
the part of the ball nearest the face has been deformed. The 
time and distance the head and ball are in contact varies; but 
it is said by some authorities that the ball and head should 
remain in contact lor several inches of the arc described by 
the head. It is of importance that there should be a good 
“follow through ”, so that the head and ball may be fastened 
together for a considerable period: and it is said the greatest 
efiort must be applied after contact has been made. 

The ball has an irregular surface, the irregularities being 
caused by chequerings which are usually fairly deep. Vari- 
ous patterns of chequering are provided. Presumably, 
ideally, the chequerings on the ball and on a club should fit 
into each other when contact is made; but it would be im- 
possible to direct the club so that its chequerings fitted into 
those on the ball. 

The inside of the ball is made by winding long narrow 
strips of rubber into a ball in somewhat the same way as 
wool is wound into a ball ready for knitting, but the strips 
of rubber are wound very tightly. Some years ago tbe rubber 
strips inside the golf ball We fairly wide, but those of today 
are often almost like shreds. The tightly wound interior is 
enclosed in a tightly fitting hard rubber case. In earlier days 
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the case was often of leather and stuffed with feathers. The 
golf ball is therefore either a stuffed ball or one with a core 
of coiled materials, and differs essentially from the soUd type 
used in games like croquet, bowls, and billiards, and from 
the hollow type used in games like football and lawn tennis. 
The modern ball also differs from the type used in games like 
cricket, for the core of the cricket ball is stuffed with hair, 
wool, or other material. Therefore, although the stuffed 
ball, the solid ball, the hollow ball, and the ball whose in- 
terior consists of lengths of coiled materials, are all derived 
from the fist or foot, they are not developing in the same 
ways. It will become apparent as this work proceeds that 
parts of weapons besides reproducing parts of the offensive 
machinery reproduce also parts of the reproductive machin- 
ery. It will be shown, later, that the golf ball is developing 
to reproduce the testis, which is composed of lengths of 
coiled tubes. The solid ball also is developing to reproduce 
certain features of the testis. The hollow ball is developing 
to reproduce the bladder and indeed the inside of a football 
is called the bladder. The author has not yet discovered 
the part of the body represented by the stuffed ball. 
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THE BILLIARD CUE 

T he baiiard cue nowadays is straight and cone-shaped. 
Its length is evidently related to the length of the arm 
of the player, for a player with a long reach usually 
uses a longer cue than one with a smaller reach. It is often 
made from a single piece of wood, but the part held by the 
ri^t hand may be made of heavier wood, the balance of the 
cue thus being made more suitable for some players. When 
made in two pieces, the cue has a type of shaft and foreshaft. 

In trying to discover relationships between dimensions of 
parts of implements and human parts it is obviously essential 
to study the implements as they are used by expert players. 
An ordinary player is often and probably is usually incapable 
of making human and mechanical parts work correctly to- 
gether, and often selects and uses an implement which has 
little correspondence to its human counterparts. The same 
is true of all other types of mechanical contrivances; and it 
might be misleading, for example, to try and discover the 
human prototypes of a bow and arrow or club or spear by 
studying it with reference to the body of an inexpert wielder 
or of a wielder for whom it had not been made. Consider- 
able diflBiculties have been encountered by the author in 
trying to discover, say, the human prototypes of parts of 
some dubs which are not used nowadays, because it is now 
difficult to know how some of them were held and wielded. 
It is however often possible to deduce how a weapon like a 
club should be wielded. Thus a club with a long and thick 
handle and a very heavy head obviously could only have 
been wielded correctly with both arms, a short and light one 
mainly with movements of the forearm, and so on. 

The barrel for the billiard cue is in two parts, one being 
formed by the left hand fingfcrs and the other by the right 
hand fingers. The right hand fingers as they hold the butt 
take its shape, and the skin and flesh of the fingers are 
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deformed through pressure so that they form parts of a cone: 
and the interior of the human barrel corresponds in shape to 
that of the surface of the butt. The axis of the part of the 
human barrel formed by the right hand fingers coincides 
with the axis of the cue, and is a continuation of the axis of 
the front part of the barrel formed by the left hand fingers. 

The left hand fingers placed on the table form the front 
part of the barrel. The fore part of the cue rests in or on 
the “bridge” device formed by the thumb and forefinger. 
Because of its weight, it makes a slight indentation or groove 
in the skin and fiesh in which to lie; and the cue is propelled 
along or over this slight indentation or groove, or fore part 
of the barrel. The fore part of the cue is therefore not 
placed in the hollow of the fist, that is in the main pact of 
the barrel; but in a groove which is about at right angles to 
this hollow or barrel. This could be fairly well shown, if 
before placing the left hand on the table a pencil was placed 
in the hollow of the fist, and the left hand still holding the 
pencil, as well as could be arranged, was then placed on the 
table. The axis of the cue and pencil would be seen then 
to be about at right angles to each other. The barrel of the 
hand is thus provided with an extension or component at 
right angles to it. to receive the cue, by means of the flesh 
groove, which acts as the barrel for the foreshaft of the cue. 
The flesh groove compared with the main part of the barrel 
of the hand, or hollow of the hand, has therefore been turned 
through a right angle (Rule 10). The axis of the flesh 
groove, in which the cue rests, of course coincides with the 
axis of the foreshaft of the cue, and is therefore a continua* 
tion of the axis of the back part of the barrel, formed by the 
right hand fingers. 

A study of the barrel formed by a billiard cue is of much 
interest and importance because it has many similarities to 
the barrel formed by an archer. The barrel made by an 
archer for his arrow will be studied later: and it will be seen 
that it is from the type of barrel formed by a billiard player 
or archer that the barrel of a rifle or other gun has been 
directly developed. 
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The billiard cue rests directly in the breech of the hand, 
if the palm is placed on the butt, the breech of any offensive 
machine always being formed directly or indirectly by the 
wielder’s palm or palms. A part of the breech is formed 
by the palm of the left hand, but the cue does not rest in or 
against the palm, and therefore is not placed directly in the 
part of the breech formed by the left hand. The left palm, 
or part of it. however, is in contact with the surface of the 
table; and therefore it seems the surface of the table forms a 
mechanical extension of the breech, and indeed of the barrel 
also, since the left hand fingers ate also on the table. This 
perhaps explains why the billiard ball has a flat trajectory, 
the ball always being propelled along the mechanical exten- 
sion of the barrel and breech of the left hand, and indeed 
never leaving the barrel and breech, unless it drops into a 
pocket. 

In certain circumstances the front part of the barrel is 
formed in other ways. For example, it may be formed by 
the forefinger being placed right round the cue, a kind of 
hook or ring being formed by the forefinger. The bouclde 
as this type of barrel is called surrounds the cue, which is 
darted through it If the ball is under a cushion, the tips of 
the fingers may support the cue and form the front part of 
the barrel. 

The right hand fingers move with the back part of the cue, 
but the left hand does not move, and the cue is darted over 
or along the flesh groove, or through the human forefinger 
ring groove, somewhat after the manner in which the darting 
spear is propelled; the darting spear however being moved 
through the main barrel or hollow of the left hand, but the 
cue being moved over or through a component of the barrel 
at right angles to the part of the barrel formed by the hollow 
of the band. The billiard cue is thus a type of darting spear, 
and related to the darting spear of the ancient Egyptians or 
modern Ababdeb or Nubians. 

The bridge is mechanized on occasions, when the bah is 
out of reach of the left hand and a rest is used. The rest 
consists of a long shaft which forms a long extension for the 
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left arm. and a cross whose plane is at right angles to the 
axis of the shaft of the rest The fore part of the cue is 
placed in one of the four crooks or grooves of the head of 
the rest, according to the player’s pleasure. The groove of 
the rest is a crude but recognizable mechanical reproduction 
of the human bridge formed by the left hand. The left hand 
holds the butt of the rest and is placed on the table; and the 
head or cross of the rest is therefore a mechanical type of the 
left hand rest which is formed at the butt transferred to the 
opposite end of the shaft of the rest (Rule 8). Sometimes the 
player uses a very long cue with the rest; and the cue then 
forms a very long and distorted extension of the right arm. 
The cue is usually placed over and alongside the shaft of the 
rest; and each arm is then provided with an artificial exten- 
sion. It will be recalled that in Indian club exercises each 
arm is given a separate mechanical extension, and the 
mechanical extensions are not fused into one contrivance, as 
usually is the case when both arms are given extensions. 

The head of the rest is not always in the shape of a cross, 
and various other types of rests can be found. A fairly 
common type has four grooves of different heights and depths 
in any of which the cue can be placed. The ordinary cross 
type of rest, also, offers a choice of two different heights and 
depths, because the fingers of the cross are not at right angles, 
and by turning the shaft a higher or lower rest can be used. 
There is less friction between the cue and the mechanical 
bridge than between the cue and the human bridge, and “ a 
cue on a rest seems to run away from a player." > 

The cue in former days bad a large head, and was then a 
type of thrusting club- An illustration of Louis XIV of 
France and his friends playing billiards in 1694 shows them 
holding clubs with large heads resembling the mace type of 
cue used today in bagatelle. ^ Two types of cues are used in 
bagatelle, one resembling the modem billiard cue, and the 
other a mace whose head is pushed along the table, the mace 


iJAc Badminton Library, Billiards. 
iEmyclopaedia Briiannica, BUliaids. 
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type apparently being a survival of the type of billiard cue 
used in bygone days. 

The head of the modern billiard cue is formed by the tip 
of the cue which has the shape of a frustum or slice of a 
sphere. It is made of leather and glued on to the blunt fore 
end of the cue. Although the head is small, it can deliver 
a powerful blow or thrust, because the momentum of the cue 
and right hand and arm becomes concentrated in it; and the 
heavy ball can be shot, if necessary, with considerable 
violence into a pocket or against a cushion or ball. The 
momentum of the cue and arm is concentrated in the head 
at the moment of impact, in much the same way as the 
momentum of the hand and arm and handle of a whip 
becomes concentrated at the end of the lash of the whip at 
the moment of the crack, the crack resulting from the mom- 
entum being suddenly transmitted to the air. Little noise is 
made as the momentum of the cue is transmitted to the ball, 
because the leather deadens the sound of the blow, and its 
elasticity helps to slow down the process of transference. The 
sound as one ball transmits part or all of its momentum to 
another ball can be heard as a sharp crack; a deep thud is 
heard when a ball hits a cushion. 

The way the momentum of an object can be transferred to 
another object is well illustrated in the pastime in which the 
last of a row of coins in a line on a smooth table and in con- 
tact with each other is made to bounce off when the first in 
the row is hit with a coin. The momentum of the coin 
struck against the first coin in the row is transmitted to the 
point where it touches the first coin, transmitted to the part 
of the first coin where it touches the striking coin (Rule 7); 
transmitted across the first coin to its opposite point (Rule 
8); transmitted to the point of the second coin in contact 
with the tint coin (Rule 7); transmitted across the second 
coin (Rule 8); and so on; until the momentum is transmitted 
to the last coin in the row. which moves along the table with 
the momentum given originally to the striking coin. If a 
number of billiard balls are placed in a row, and a ball is hit 
against the first in the row, the last in the row may be hit 
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away, leaving the others almost unmoved, the last in the row 
moving off with the momentum given by the cue and hand 
and arm. The transference of the momentum occurs in 
accordance with Rules 7. 8, and 9. A crack or report is heard 
only when the striking coin or ball hits the first coin or ball 
in the row, and when the cue hits the striking ball. A crack 
or report is made by the offensive machine apparently only 
when the striking object is separated from the body it strikes; 
and no sound is ' made when momentum is transmitted 
between two objects in contact. This rule might seem to be 
violated in the gun machine, because the gunpowder or other 
explosive is in contact with the base of the ball or bullet; but 
most molecules or particles or atoms of the gases are at 
considerable distances from the base of the missile before 
they strike it, and hence the fact that there is a crack or 
report may be accounted for. Relatively to their sizes the 
atoms or particles are probably at great distances from the 
base of the ball or bullet before hitting it. At any rate, since 
the gun machine is merely another form of the billiard or 
croquet or golf machine, the crack or report must be pro- 
duced according to the same principles. 

The billiard cue is provided with a large extension for its 
head, while the cue and bail are in contact. The ball 
becomes fastened to the cue very lightly, and in such a way 
that contact can be easily and smoothly made and broken 
without any drag either of the cue on the ball or of the ball 
on the cue. Probably the fastenings begin as a point contact 
and end as a point contact. The ball is elastic, but probably 
is not much deformed by the cue; and adaptation of the cue 
and ball to each other’s shapes is effected mainly by deform- 
ation of the diminutive head, or tip, of the cue. There are 
no chequerings on the ball, which is made as smooth as 
possible, and to prevent the cue slipping off the polished 
surface of the ball the leather cap or tip is chalked, thus also 
preventing the leather becoming polished and thus making 
a fastening difficult. The chalk also serves as a kind of link 
of materials between the leather cap and ivory ball. 

The human rifling devices are not mechanized, for neither 
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the cue nor the ball is fluted or grooved or incised in any 
way. The rifling devices of the oflensivc machine arc prim- 
arily formed by the fingers; and it seems the right hand 
fingers, at the butt, are dirccdy used in spinning the ball. The 
ball of course spins as it roils; but if “ spin” is given to the 
ball, the ball is not hit in line with its centre, and probably 
the “ spin ” is then given by manipulation of the right hand 
fingers, that is by manipulation of the rifling devices of the 
right hand. 

The surface of the table is made as level as possible. It is 
covered with baize, always green in colour, probably as a 
mechanical counterpart of the green grass of a lawn. Strutt 
says he thinks it probable that billiards “ originated from an 
ancient game played with small balls upon the ground: and 
that it was, when first instituted, the same game transferred 
from the ground to the table,” and he says also, “the im- 
provement by adding the table answered two good purposes; 
it precluded the necessity for the player to kneel, or stoop 
exceedingly, when he struck the bowl, and accommodated the 
game to the limits of a chamber.” The artificial extension 
of the lawn is transferred from ground level to the top of the 
table. i.e. from the lower ends of the legs of the table to the 
upper ends ^ule 8). As many characteristics of the close cut 
grass lawn as possible have been retained in the green baize 
covered top of the table. The baize reproduces the texture 
of the grass as well as can be arranged. It is made as nearly 
as possible of the same colour. An advantage of the use of 
baize is that the artificial or mechanical lawn does not need 
mowing, but a process somewhat similar to mowing occurs 
during manufacture of the baize when its surface is closely 
cropped or cut by a kind of mowing machine. The baize, 
like the grass, must be brushed and rolled, the rolling being 
seen when a hot flat iron is pushed over it A disadvantage 
is that the baize cannot repair itself as the lawn can do. 

The surface of the artificial lawn is rather higher than the 
surface of an ordinary table, and its height is determined 
probably fundamentally by the requirement that it shall 
reach to the crotch of the average player. The pocket into 
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which the ball is sent is related to the slinger’s bag. archer’s 
quiver, rifle’s magazine, and pocket of the golfer’s bag, as 
will be better understood later. 



Chapter 24 


THE RACKET 

T ennis, lawn tennis, and games of a similar type, have 
been developed it seems from a ball game called jeu 
de paume, or palm play, played in the parks and dry 
moats of French and Italian chateaux in the middle ages. 
The game developed in two ways, into a game played in 
enclosed or covered courts and into a game played in the 
open air. The open air game came to be known as longue 
paume, and the other as courte paume. 

The striking implement in the game was originally the 
hand. Strutt, quoting a contemporary French author says, 
“ The French palm play originally consisted in receiving the 
ball and driving it back again widi the palm of the hand. In 
former times they played with the naked hand, then with a 
glove, which in some instances was lined; afterwards they 
bound cords and tendons round their hands to make the ball 
rebound more forcibly, and hence the racket derived its 
origin.” 

The hitting implement, or racket, was therefore originally 
formed only by the hand and arm, and composed only of 
human parts. The face of the racket was formed by the flat 
surface of the palm, and the handle by the forearm or by the 
whole arm. The dimensions of the head of the racket then 
corresponded to the dimensions of the palm. The length of 
the handle was equal to the length of the forearm when the 
palm was wielded mainly by movements of the forearm, but 
if3 length when the forearm and upper arm were kept more 
or less in line v/as equal to the length of the whole arm. The 
dimensions of the parts of the racket varied of coarse auto- 
matically with each player; and the racket therefore origin- 
ally had the remarkable and useful property of vaiying in 
dimensions to cotrespond exactly to the dimensions of each 
player. 
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From the quotation from Strutt’s book given above, it can 
be seen that the hitting implement was mechanized originally 
m two different ways, by covering the face of the racket, or 
palm, with a glove, and by covering it with a network of 
cords. One method was directed towards giving the face of 
the racket a continuous flat surface, the other towards giving 
It a surface consisting of a network of cords or strings. Two 
main types of rackets can be seen today. The first is repre- 
sented by rackets whose faces have a continuous surface, 
like the table tennis bat and the battledore covered with 
parchment; the second by those with faces formed by a net- 
work of cords, like the lawn tennis, badminton and tennis 
rackets. 

Certain advantages for hitting a ball are gained by mech- 
anizing the hand. The bare and unmechanized hand and 
arm do not form a very effective or convenient implement 
for hitting a ball; for the hand may be made dirty or be hurt 
by being directly used as the face of the implement, it is too 
soft to form a good rebounding surface, and too irregular for 
a flat enough surface to be formed so that the ball can be 
directed with precision. It was probably seen that if the 
hand could be bound or covered in some way, many of these 
disadvantages could be overcome. But it is not easy to 
mechanize the hand to form a flattish implement; because 
any bindings or coverings, to be satisfactory in use, must be 
so shaped and arranged as to come into some correspond- 
ences with the skin, tendons, bones, and other components of 
the human parts of the striking implement. If tiwre are not 
some correspondences, then the bindings or coverings will 
work loose, or fail to work well with their human counter- 
parts. It is difficult and perhaps not possible by direct 
observation to discover how the hand arranges its parts and 
devices to form a hitting implement; but by a process of 
trial and error the early players of jeu de paume evidently 
discovered how to make and arrange mechanical counterparts 
of the human parts and devices satisfactorily enou^ to give 
certain advantages over the use of the unmechanized hand. 
The difficulty of discovetiug how to make mechanical 
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counterparts of the human striking implement is shown by 
the fact that makers of rackets are still trying to improve 
rackets, that is they are still trying to find better ways of 
mechanizing the human devices. The difficulty of discover- 
ing how the hand and arm form themselves into a hitting 
implement is also shown by the fact that makers of rackets 
seldom or never study the hand and arm directly, and in- 
stead rely upon a method of trial and error in making rackets; 
and players by using or refusing to use their products inform 
them whether or not the rackets work satisfactorily enougji 
with their human counterparts; and indeed makers of games 
implements are, it seems, unaware that their products are 
rudimentary reproductions of parts of the bodies of the 
players. 

By covering the hand with a glove, the hand was saved 
from being hurt or made dirty, and a somewhat flatter sur- 
face was formed. A larger hitting surface was also provided. 
The glove was a mechanical copy of the skin, closely follow- 
ing its form, and imitating its materials, and served as an 
extension for it. overlying it. When it was padded, the flesh 
underlying the skin was also copied and given a rudimentary 
mechanical metension; and the artificial flesh lay underneath 
the skin of the glove as the flesh lies under the skin of the 
hand, the skin of the glove being transferred off the surface 
of the hand to the exterior surface of the padding (Rule 8). 
The artificial skin and flesh and the human skin and flesh 
worked together and came into fairly good working relation- 
ships. Thus, for example, when ffie ball was hit by the 
centre of the palm of the glove, this part of the glove directly 
took the impact of the ball, the padding or artificial flesh 
underneath it softened the blow for the human skin which 
also felt the impaa but in a lesser degree; and the human 
flesh of the centre of the palm was almost relieved of the 
need for softening the blow for the rest of the hand. The 
human and the artificial parts thus worked together; and it 
is not difficult to see that all other corresponding human and 
artificial parts somewhat similarly worked in harmony. 

Broadly speaking there are three main types of ^oves. 
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The furst type is made of skin. The ordinary kid glove, as 
worn every day, is of this type. The second type is also 
made of skin, but padded, the padding being of wool, fur, 
hair, or other soft material : and the padding may be under 
the skin of the glove or be in a transferred position on the 
outside. The kid glove lined with wool or fur or covered 
with fur is of this type. The third type is the Knitted or 
crocheted glove. The knitted wool glove is of this type. The 
lady’s open work crocheted glove is also of this type. 

A lawn tennis racket has a frame. This suggests and 
reveals that the gloved hand has a frame. A glove is made 
without a frame, and until fitted to the hand is consequently 
limp and shapeless. A frame is provided by the band, partly 
by its surface and partly by its edge; and when say a kid 
^ove is fitted to the hand, the frame of the hand gives it a 
shape and makes the skin of the glove become taut The 
shape of the edge of the frame of the band can be seen if 
the bare hand and fingers ace placed flat on a sheet of paper, 
and a line is traced round the hand and fingers with a pencil. 
This gives the outline of the franm formed by the edge of the 
hand which mainly keeps the shape of the glove. When the 
glove has no fingers, the outline of the frame provided by 
the hand can be obtained by tracing a line round the band 
and fingers, without entering the spaces between the fingers. 
This frame has the shape of an oval, approximately, and is 
not unlike the oval frame of a modern tennis racket. 

A direct study of the hand reveals it has an internal 
frame, formed by the bones; but does not easily reveal it also 
possesses an external frame, and indeed it cannot do so, for 
the body can form a multitude of external frames, and the 
type of frame it forms depends on the type of garment or 
implement fitted to the body. That the band possesses an 
external frame becomes evident only when this frame device 
or contrivance is mechanized and made to exist partly out- 
side the hand, say as the frame of a tennis racket. It can 
then be seen that the hand has a frame to support and give 
shape to a glove. It can then also be realized that all parts 
of the body form external frames tvhich support and give 
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shapes to clothes. Thus, for example, the leg forms a frame 
which gives shape to a stocking when worn. This frame is of 
a different shape from that of the hand. It is tubular, and 
any section at right angles to the leg is approximately a 
circle. The trunk and arms form a frame which stiffens and 
gives shape to a coat or jacket. Because each part of the 
body can provide a frame, the maker of a stocking, glove, 
coat, or otiher aiticle of apparel, does not need to make a 
frame for the garment. Occasionally the frame of some part 
of the body is partiy mechanized and partly externalized as 
for example when the shoulders of a coat are padded or 
stiffened to help the coat to keep a required shape. The 
internal frame, or skeleton, is also sometimes mechanized, 
as for example in the corset, which is provided with a frame- 
work of bones, or artificial ribs, at right angles to the human 
ribs which are their human prototypes and counterparts 
(Rules 1 and 10). The boot or shoe is provided with a 
rudimentary copy of the external frame of the foot, and can 
keep its shape nearly without help from the human frame. 
Indeed badly fitting boots or shoes impress the shapes of 
their frames on the foot, and distort the foot to the hurt of 
the wearer. If a limb is broken its external and internal 
frames collapse, and a surgeon then provides a temporary 
external frame of splints and bandages and plaster to help 
the injored limb to rebuild its inner frame which when 
repaired will then keep the shape of the outer frame. 

The frames of parts of the body are partly reproduced 
mechanically by such contrivances as coat hangers, boot 
lasts, boot trees, and the dummies of parts of the body on 
which garments are hung in shop windows. Broadly speak- 
ing external frames are of two main types, one being an edge 
frame type and the other a surface frame type; but the types 
are seldom sharply distingnished and often one type has 
features of the other type. A coat hanger, if cut from a thin 
plate of wood or metal, is an edge type of frame, and repro- 
duces merdy the top edge of the shoulders and sometimes 
also die sides of the neck. A tailor’s dummy on which a 
man's coat or woman’s dress is hung has a surface frame, 
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and reproduces the surface of the body, or parts of it. and 
thus gives the shape of the body to the garment. Sled body 
armour has a surface frame, and can keep its shape, but not 
its position, without much hdp from the frame of the body. 
When wearing steel armour the body is provided with an 
artificial exo*skeleton; and then reproduces certain features 
of creatures which have an exo-skeleton, or skeleton on the 
surface of the body. The armadillo, for example, has an 
cxo-.skeleton, made up of boney plates. Chain armour requurcs 
the surface frame of the body to keep its shape; and simi- 
larly armour made of leather or other soft material more or 
less depends on the surface framework of the body to keep 
Its shape. By starching a garment the surface frame of the 
body can be better reproduced, the garment then being more 
able to keep its shape, and the wearer of a starched garment 
is provided with a crude type of exo-skeleton. A skirt has a 
frame provided by the waist and abdomen, and the parts of 
the skirt round the legs hang from this frame and have a 
somewhat cylindrical shape. The woman’s skirt is provided 
with a stiller framework round the legs when it has hoops, 
as in the crinoline. The infamous “boot” of olden days 
reproduced mechanically the external frame of the leg or legs, 
and was used as an instrument of torture. It was purposely 
distorted in size, and “The legs were forced into a strong 
case and wedges driven in until bone, muscle, and marrow 
were crushed together.” '■ 

When a mitten, or glove without fingers, is made of skin, 
the composite contrivance formed by the hand and mitten 
has a continuous and fairly fiattish surface. If the mitten is 
made of soft leather the frame is supplied mainly by the 
htunan frame contrivance formed by the edge of the hand 
and fingers, but partly also by the frame formed by the sur- 
face of the hand and fingers. Sometimes the edge frame of 
the hand is partly mechanized by a scam sewn round, the edge 
of the mitten, which makes the nutten fairly stifi and rigid. 
For example, a baseball player’s mitt is usually laced all 
around its edge with a leather thong, so that the edge 
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becomes stiff, and the frame thus formed by the stiff edge 
almost keeps the mitt in shape without the help of the human 
edge frame. The complete frame of course is formed by the 
human edge contrivance and the mechanical edge .contriy- 
ance, A gardener’s mitten or glove also often has a rudi- 
mentary edge frame, formed by a stiff seam round its edge. 
But the edge frame is never stiff enough to keep the shape of 
the glove without help from its human counterpart formed 
by the edge of the hand and fingers. 

Another type of frame is formed when the skin of the 
glove is very hard and stiff. The frame is not then formed 
by its edge, but by its surface. This type of frame is formed, 
for example, when a flat piece of hard and stiff leather is 
sewn on to the front or palm side of the glove, as in the game 
of jeu de paume au tamis which will be described later. 

When a knitted wooUen mitten is worn, a fairly flatfish 
surface is formed when the hand is made flat, the flatfish sur- 
face of the mitten of course being given by the surface frame 
of the hand. The edge of a wooUen mitten is never very 
stiff, and a mechanical edge type of frame is therefore never 
well developed; and the edge frame is formed mainly by the 
edge of the hand and fingers. The surface of the composite 
contrivance, formed by the hand and mitten, is formed by 
the network of knitting. If the knitting is close, the surface 
may seem almost continuously formed; but when it is very 
loose, as in the lady’s open work mitten, a very distinct net- 
work pattern is seen. 

The human prototype of the frame of the lawn tennis 
racket can now be seen to be the frame contrivance formed 
by the edge of the hand as for example when wearing a glove 
or mitten. The human proto^pe of the handle of the radret 
is obviously the arm of the wielder, for the handle is a type 
of mechanical arm and provides an artificial extension for 
the arm. The network of strings of the racket corresponds 
to the network of an open work knitted or crocheted glove 
or mitten. 

The complete arm of the lawn tennis machine consists of 
the arm of the player and the handle of the racket, the handle 
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fornung a mechanical extension for the arm. The complete 
frame consists of the frame of the player’s hand and the 
frame of the racket. The mechanical part of the frame is 
not near the hand, but is in a transferred position, at the 
end of the handle opposite the hand (Rule 8), and has a 
position corresponding to that of the head of a club. 

During the wielding of the racket, the forearm and the 
handle are rigidly joined, and form a sin^e contrivance, and 
neither can have movements independent of or relative to 
the other. The frame of the hand and frame of the racket 
also always have similar movements. The fact that the 
movements of the arm and handle are similar is sufficient by 
itself to show that the arm and handle are related and that 
the handle is derived from the arm. Similarly, the fact that 
the movements of the frame of the hand and of the frame of 
the racket are similar is sufficient by itself to show these 
human and mechanical contrivances are related and that the 
frame of the racket is derived from the frame of the hand. 

• The human prototype of the network of cords or strings of 
the racket’s head could be known if the human prototype of 
the network of an open work glove or mitten could be dis- 
covered. But it is not easy to discover the human prototype 
of the network of a glove. The human prototype of an 
ordinary skin glove is obviously the skin of the hand, as can 
at once be seen from the fact that the skin of the glove over- 
lays the skin of the hand, and is composed of somewhat 
similar materials, and from the fact that each part or device 
has similar actions and movements to those of the part or 
device of the skin of the hand next to which it lies. The 
network of a glove also lies over the skin of the band, and 
must therefore be related to it; but exactly how it is so 
related is not clear to the author. Perhaps one of his readers 
will be able to solve this problem. 

The lawn tennis racket’s handle is rather longer than the 
forearm but is not as long as the whole arm; and it seems 
its length is decided by the foot that it is meant to serve 
sometimes as an extension for the forearm and at other times 
as an extensixm for the whole arm. It serves as an extension 
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for the forearm when it is wielded mainly with movements 
of the forearm, that is when the elbow is bent and the fore- 
arm has much movement relatively to the upper arm. It 
serves as an extension for the whole arm when the forearm 
and upper arm are kept in a more or less straight line as the 
stroke is made, the racket being wielded by the forearm and 
upper arm together as a single contrivanee. To make the 
handle come into closer correspondence to the length of the 
arm for certain strokes, the handle is gripped higher up, thus 
shortening the extension of the arm. 

The handle is connected to the body by clasps formed by 
the hand at the grip, each linger forming a clasp separate 
from but in conjunction with the clasps formed by the other 
fingers. A clasp is also formed by the thumb, on the opposite 
side to the clasps formed by the fingers. The clasps are not 
formed merely by the fingers themselves, but extend through 
the hand and wrist and forearm; but it is difficult to study 
them directly. The clasps which connect the frame to the 
handle of the racket are formed at the throat of the racket; 
and these clasps must be copies of the human clasps which 
hold the frame of the hand to the arm, that is they must 
correspond to the clasps which hold the hand and arm 
together at the wrist. But clearly the mechanical wrist fasten- 
ings formed at the throat of the racket are extremely crude 
copies of the wrist fastenings, and have none of the flexible 
properties of the wrist fastenings. 

When the handle of a lawn tennis racket is made of wood, 
it consists merely of a single shaft; but when made of metal 
sometimes bifurcates and becomes two rods at the throat. 
The two rods then reproduce features of the two bones of the 
forearm, the radius and the ulna. Steel shafts are sometimes 
fltted to badminton rackets: and sometimes the shaft is a 
single rod, but sometimes is a type of double rod joined at 
intervals along its length. The latter type of handle also 
reproduces features of the two bones of the forearm of the 
wielder, but more closely reproduces features of the two 
bones of the forelimbs of creatures which are not fully 
separated but joined for a part of their lengths, of creatures 
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for example like the rabbit whose radius and ulna are fused 
or joined together for part of their lengths, or the frog m 
which the radius and ulna are completely fused, the only 
indication of their dual character being a groove along the 
length of the bone. Tennis and badminton handles seem 
therefore to be reproducing certain of the features of the 
bones of such creatures, in a very crude manner. 

The barrel and breech are formed directly by the right 
hand only, unless the racket is held with both hands. As 
has been explained, the human part of the barrel of the 
offensive machine is always formed by the fingers, and the 
breech by the main part of the hand; and the interior surface 
of the barrel is formed by the insides of the fingers, and the 
interior surface of the breech by the surface of the palm. 
Nowadays the grip of the handle of the racket is usually 
covered with a rubber tube or a leather thong wound spirally. 
These devices provide extensions for the skin of the interior 
of the barrel and breech and reproduce its materials more or 
less closely; and the handle is then enclosed in the composite 
barrel formed by the hand and fingers and tube. The spiral 
groove between the turns of the leather thong is a type of 
rifling. It usually has about seven or eight turns, and has a 
left handed screw thread, probably intended to match the 
left handed screw threads of the right hand finger grooves. 
The pitch of the spiral, or mechanical rifling, is therefore 
about the same as that of the human riflings. The mechani- 
cal and human riflings do not fit into each other; and the 
mechanical rifling is only a rudimentary copy of the human 
riflings. 

In recent years it has become the practice to paint the 
shoulders and throat and part of the handle with cellulose 
paint; and the cellulose paint forms a type of artificial skin, 
which lies over and covers the mechanical parts m somewhat 
the same way as the human skin lies over and covers corre- 
sponding human parts; and it is evident the artificial skin 
copies the natural skin and is an elementary extension of it 
transferred to the surfaces of the mechanical parts. At 
present there are only very remote and scarcely recognizable 



280 MECHANICAL BIOLOGY 

correspondences between the materials of the artificial and 
natural skins. 

There is little to distinguish the front from the back of the 
modern racket. But the sttinp at the top and bottom are so 
arranged that they are “ smooth ” on one side of the face and 
“ rough ” on the other, the different sides of the racket being 
thus distinguished. The front and back of the early racket 
formed by the bare hand or by the hand bound with cords 
and tendons were used to hit fte ball, for “ a French writer 
speaks of a damsel named Margot, who resided at Paris in 
1424, and played at hand-tennis with the palm, and also with 
the back of her hand, better than any man and the writer 
adds that at that time the game was played with the naked 
hand, or at best with a double glove.”^ 

There is never any discontinuity in the process of mechan- 
izing the offensive machine; and the modern lawn tennis 
machme has been developed only gradually from the jeu de 
paume machine whose hitting implement was formed simply 
by the bare hand. Various intermediate types of the machine 
between the human machine and the lawn tennis machine 
can be seen, many of them being in use today. In some types 
the mechanical part of the head of the racket is on the hand, 
and the arm has no artificial extension; in some types the 
mechanical head is nearly off the hand; in other types it is 
fully transferred from the hand to the end of a handle or 
artificial extension of the arm. A few types of rackets used 
in varieties of the game of tennis will now be studied: — 

The jeu de paume au tamis bat 

The mechanical part of the racket used in this game is not 
separated from the hand, and is formed by a piece of hard, 
dried leather stitched to the palm of a glove, the core of the 
racket being formed by the hand within the gjove. The 
game as it was played about 1865 has been thus described 
by Dr, A. L, Fisher: — 

“A game played with a glove, to the front of which is 
fixed a stout piece of untanned hide, nine inches long by five 


aj. Strutt, Sports and PesHmes. 
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wide, which is so stitched as to form, when dry, a curve 
corresponding to that of the hand, and hard as wood. The 
ball is an inch in diameter, formed of strong white leather 
filled with powdered egg-shell or sand, so as to have no re- 
bound, and requires to be always struck over hand. On 
beginning the game, the player throws the ball on to a 
horizontal tonus or sieve of a drum shape, formed by a 
horsehair tissue drawn over a wooden frame. 

“The players are divided into two opposite sides, as in 
our ordinary game of Tennis; each party tries to send 
the ball to the opponents in such a way &at they cannot 
return it, and succeeding in this, they gain one point. There 
is near the town of Amiens a place called La Hautoi, where 
the game may be seen any Sunday afternoon during sum- 
mer. As a proof of the difficulty of the game, I may state 
that the ball is seldom returned more than three or four 
times.” 3 

The game is played in a vast arena, about 120 yards in 
length, by 12 players, six on each side. The tamis is used 
only in the delivery of the “ service it resembles a segment 
of a drum, and the horse-hair of which it is made, is suffici- 
ently elastic to enable the server to throw the ball on to its 
surface, and strike it on its rebound, i 

The table terms bat 

The face of the table tennis bat somewhat resembles that 
formed by the stout piece of untanned hide used in the game 
of jeu de paume au tamis described above, and is a modified 
form of it nearly pushed off the hand and provided with a 
short handle. The sizes of the bats used in the two games 
are also about the same, but the face of each is considerably 
larger than that formed by the bare palm, but about equd 
to the size of the face that could be formed by the hand with 
fingers outstretched. The face of the table tennis bat is not 
quite off the hand, for the forefinger and parts of file hand 
near it are placed against the back of the bat. The frame is 

3 The Game of PaHone, 

4 The Badmtruon Library, Teanis. 
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formed by the entire surface of the bat which therefore has 
a type of surface frame as distinct Irom tlie edge type ol 
frame oi the tennis racket. 

The face of the bat is usually covered with a type of arti- 
ficial skin, whose mechanical prototype is the skin of a glove 
whose human prototype is the skin of the hand. Corre- 
spondence of materials to the skm of the hand is remote 
when the artificial skin is made of sandpaper, but is closer 
when it is made of rubber or cork. The artificial skin is 
chequered, the fine bits of glass of the sandpaper forming the 
chequermg on the sandpaper covered bat, and the raised 
dots or other devices on the rubber skin forming the chequer- 
ing when the bat is rubber faced. The chequermgs 
correspond to and are mechanical extensions of the chequer- 
ings of the hand, formed by the multitude of small 
depressions and projections on the surface of the human 
skin. The purpose of the mechanical chequerings is to help 
to obtain a better grip of the ball. 

The skin of the hand, it can now be seen, is reproduced 
artificially on a considerable variety of implements. It is 
reproduced, for example, by the leather thong on a golf club 
handle, by the rubber tube or leather thong on a lawn tennis 
racket, by the glove and stiff leather face of the jeu de paurae 
au tamis bat, and by the sandpaper or cork or rubber facing 
of the table tennis bat. It is also reproduced by the glove 
of a caestus or boxing glove, by the skin or kid ^ove worn 
every day. Sometimes correspondence of materials is fairly 
close, as is always the case when the artificial skin is made 
of the skin of an animal. It is fairly dose also when the 
artificial skin is made of cork, for cork is the skin of a tree. 
It is very remote when the artificial skin is made of sand- 
paper, although certain types of paper like parchment are 
made of skin. Attempts are now being made to reproduce 
the skin of the throat and shoulders, by means of the cellu- 
lose paint on lawn tennis and badminton rackets, and the 
skin of the leg or arm by the ceflulose paint or varnish on 
the hockey stick and golf dub. The artificial skin is repro- 
duced differently on different types of weapons; and 



THE RACKET 


283 


probably each type of skin reproduces certain features of 
the human skin that arc not reproduced by othw types, li 
will be seen, later, that many other types of mechanical 
implements also reproduce the skin of the buuy, always of 
course extremely crudely. 


The tamburello 

A glance at the hitting implement used in this game, the 
tamburello (figure 26), shows that the mechanical part of the 
implement is not quite off the hand, and that the hand and 
fingers help to form the back part of the head. • The hitting 
surface evidently corresponds to the taut skin of a glove or 
mitten, and therefore corresponds also to the skin of the 
band. The handle is human, and formed only by the 
wielder’s arm. The clasps whidi hold the handle, or arm, to 
the frame are formed partly by the fingers, but partly also 
by the strap and part of the frame within the hand which 
form complementary devices to those formed by the palm 
and fingers to hold the hand and mechamcal part of the 
implement together. The throat of the tamburello is formed 
by the wrist and part of the hand near the wrist, and is 
human. The shoulders are formed by the parts of the frame 



Fio. 26 . 

TAMBURELLO RACKET, 
WITH HUMAN HANDLE 
A. L. Fisher, M.D. 


within the hand and near 
the thumb and little 
finger. The vellum of the 
face is not stiff enough to 
form its own frame, and 
the frame is mainly an 
edge frame, formed by the 
framework round the cir- 
cumference of the tam- 
burello. The part of tlie 
grip within the hand forms 
a kind of handle. In the 


table tennis machine, this handle is modified in form and 


turned through a ri^t angle (Rule 10). and becomes its short 
handle. The game of tamburello has been thus described by 


Dr. A. L. Fisher: — 


“ Tamburello is a companion game to Pallone. It is played 
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with a ball about the dimensions of an ordinary-sized 
orange, made of worsted or strips of cloth, covered with 
wash-leather. It is struck by an instrument made like a 
tambourine, about nine inches in diameter, with a remark- 
ably strong frame, by which it is grasped, and covered with 
very stout vellum. 

“ Tamburello is occasionally introduced as a change by the 
members of the PaUone company. It is played in the same 
locality, is subject to all the same rules as the latter, and, as 
an exhibition it is almost equally interesting to witness : It 
has also the advantage of giving the choice of a much less 
fatiguing game than that of the Pallone-” 

A study of Figure 26 helps to show that although, accord- 
ing to Rule 8 a device can be transferred only to the opposite 
end of a part, yet the transference can happen only gradu- 
ally. The head of a modern lawn tennis racket it might seem 
has been suddenly transferred away from its human counter- 
part to the opposite end of the han^e. But in the tamburello 
machine, as we are now seeing, the mechanical head is still 
held by the hand and arm; in the table tennis machine the 
hand and arm are around the handle, but still dose to and 
in contact with the head of the bat. But occasionally the 
hand may not be actually in (x>ntact with the face of the 
table tennis bat: and at these moments it is at the end of the 
handle opposite the face of the bat. an almost imperceptible 
process of transference having occurred. Thus, it is begin- 
ning to become clear, the transference to the end of a part 
is never sudden and probably can be only gradually accom- 
plidied. No doubt an exhaustive study of all types of clubs 
would show somewhat similarly that althou^ the head of the 
typical club is far away from its human counterpart, which 
is the fist at the grip, yet the process of transference has been 
effected only gradually. 

The battledore 

The face of the battledore is often made of parchment; 
and the parchment, which is made of skin, serves as a mech- 
anical extension of the skin of the hand. The frame is an 
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edge type of frame; and is a mechanical copy ol the frame 
of the hand, distorted in shape and transferred away from 
ithe hand to the opposite end of the handle which itself forms 
an extension for the wielder’s arm. The clasps which join 
the frame and handle are formed by the devices at the part 
of the battledore where handle and frame meet, the mechani- 
cal clasps being rudimentary copies of the human clasps 
which are formed at the grip to hold the handle to the arm. 

The cMstera 

The front and back of the hitting implement used in the 
game of pelota are easily distinguished. The word “pelota” 
means literally “ ball ”. but the word is also used to describe 
the game. wMch is played in Spain. Portugal, the South of 
France, and parts of South America. There are many vari- 
eties of the game; and the hitting implement varies from the 
bare hand to the grand chistera. or schistera. which is a long, 
narrow, wicker-work basket, strapped to the wrist and 
forearm and extending much beyond the hand. It is “ rather 
more than two feet in length, and shaped like a curved canoe 
or basket; and the ball is caught and thrown with its help, 
rather than struck. The human prototype of the chistera 
seems to be the hollowed hand having the thumb placed 
along the side and the fingers brought to a point. The basket 
is made, however, much longer than its human prototype; 
and the cords or strings of the ordinary racket are repre- 
sented by the wicker-work of the basket. The palm and 
fingers of the pelota machine are formed partly by the basket 
and partly by the palm and fingers of the wielder placed 
partly along and behind it The hand and fingers are mech- 
anized by means of the basket, and the mechamcal part of 
the implement is not off the hand completely. The game is 
played against a wall, and is said to have originated from 
hand-ball- The scoring is as in tennis; but the balls are 
larger and heavier than tennis balls (not lawn tennis balls), 
which they resemble in appearance. In Mexico the game is 
called Jai Alai; in the Basque provinces Jugar al Bid s 


iThe Badminton Library, Tenais. 
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The crosse 

In the game of lacrosse, the network and frame of the 
crosse correspond somewhat to the chistera of the game of 
pelota, but the part which hits the ball or catches or throws 
it, is fully transferred to the end of a handle, which forms 
an extension for the arms. 

The fives glove 

The fives glove is a padded glove, not transferred away 
from the hand, nor provided with an artificial extension for 
the arm, that is, it has no handle. It will have been noticed 
that the lawn tennis racket, the badminton racket, the table 
tennis bat, and other types of rackets, do not reproduce the 
padding of a glove. The padding, so far as the author knows, 
has never been transferred away from the hand to the end 
of a handle; and it seems the padding or artificial fiesh is 
represented in hitting implements only in games like fives 
and boxing; but is commonly represented in defensive con- 
trivances. 

The cricket batsman’s glove 

Ways in which the hand can be mechanized by means of 
gloves, cords, tendons, tapes, and other devices, for forming 
an implement for stopping, catching, or throwing a ball, can 
be understood by studying cricket batsmen’s shields and 
gloves, baseball players’ mitts, and similar contrivances. 

At one time the cricket batsman covered the backs of his 
hands with flat oval rubber pads. When the hands were 
opened, each pad formed a fiattish oval surface, stiffened and 
held in position by the hand behind it, and somewhat 
resembled the face of a modem table tennis bat, but placed 
over instead of nearly beyond the hand. Nowadays the 
cricket batsman^s gloves usually have separate fingers. The 
fingers are padded at the back only, and the padding is a 
rudimentary copy of the flesh of the fingers, the skin of the 
glove reproducing in a rudimentary way Ae skin of the 
fingers. 

Cricket batsmen’s gloves are not used for hitting the ball, 
but for protecting the hands from the ball; and are therefore 
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defensive and not offensive contrivances; and a study of them 
properly belongs to a study of armour. 

Baseball gloves 

The baseball catcher’s nutt looked at from the back, 
appears to be a type of fingered glove; but the lingers are 
unable to move rdatively to each other because the front 
surface is contmuously formed, and has a fiattish and heart- 
shaped surface. There is a partial division between the 
thumb and the rest of the glove, and the thumb is held 
loosely to the rest of the glove by cords- Cords lace the mitt 
all round the edge; and the shape of the mitt is kept partly 
by the edge frame, and partly by the surface frame formed 
by the fairly stiff material of the mitt, But the frames are not 
rigid enou^ to preserve its shape without the complement- 
ary frames formed by the hand and fingers within the null- 
The handle of the contrivance is human, and formed by the 
wrist and forearm 

The fielder’s glove is more like an ordinary fingered glove, 
but is padded at the palm and insides of the fingers with a 
type of artificial flesh. The thumb and forefinger are loosely 
connected by thongs, but the four fingers are not connected 
by thongs. 

The baseman’s mitt is somewhat similar to the catcher’s 
mitt, but has no separate fingers; and a llattish surface is 
formed at the back as well as at the front. The thumb is 
loosely connected by thongs to the main part of the glove; 
and a rudimentary frame is formed by the edge of the mitt 
which is laced all round with a thong. The handle of the 
contrivance is formed by the forearm, and is not median- 
ized. 
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CRICKET AND FOOTBALL IMPLEMENTS 

T he cricket bat is placed fairly close to the batsman’s 
legs> with its butt-end cm the ground. It is therefore 
evidently related to the contrivance formed by his legs. 
But smee it is held by both hands and wielded with pro- 
nounced movements of the arms, it also evidently forms an 
extension for the arms. It is used as a shield as well as a 
weapon, to defend the wicket and the batsman’s body, and 
possibly it is a mechanical extension of other parts of the 
body> but the author is not sure of this. 

It has been explained by the author in a previous work 
that the wicket represents the batsman’s legs and pads. The 
bowler is not supposed to bowl directly at the batsman’s legs, 
and instead must bowl at the wicket which is a contrivance 
provided to represent his legs and pads. From the bowler’s 
end of the pitchi the wicket’s width appears to be about the 
same as the width of the batsman’s legs and padsi and the 
top of the wicket appears to be about the same height as the 
top of the pads. The wicket however cannot vary in dimen- 
sions to correspond to the dimensions of each batsman; and 
it seems represents the legs and pads of the average batsman. 
In some games, as for example in baseball, the target 
presented to the bowler or pitcher has the property of being 
able to vary m dimensions to correspond to the dimensions 
of each batsman’s body- The cricket wicket is less flexible 
in this respect, and a wicket of a standard size must repre- 
sent each batsman in turn- In the children’s game of French 
cricket, in which the legs are defended by anything handy 
held in front of them like a stick, cricket bat, or lawn tenms 
racket, the target is formed by the batsman’s legs, and there- 
fore its dimensions necessarily and automatically vary with 
each batsman, and correspond exactly to the dimensions of 
the legs of each batsman- 


288 



CRICKET AND FOOTBALL IMPLEMENTS 289 

The pad, or leg guard, forms a kind of armour for the 
foot, leg, and lower part of the thigh, and reproduces in 
a rudimentary mechanical form the bones, ilesh, and skin of 
these parts. There are two main types of pads. 

In the first type, there are a number of parallel vertical 
canes, usually from six to eight in number, of about the 
length of the lower leg, arranged round the front and sides of 
the leg. and held together by a covering of padding and skin, 
the skin covering the pad comjdetely. The knee is covered 
with two or three horizontal “rolls”. These are pads held 
to each other by the skin of the pad so that the upper part of 
the pad can move with the upper leg. There are no canes 
in the parts of the leg guard above the knee. 

The canes are approximately parallel to and lie alongside 
the two bones of the lower leg, the tibia and the fibula: and 
are mechanical reproductions of these bones. The canes of 
the leg guard are more numerous than the bones of the leg, 
because the mechanical devices are distorted m number 
Usually a part of a weapon reproduces the bones of the leg 
or arm as a single shaft. Thus the golf shaft does not repro- 
duce the three bones, the humerus, radius, and ulna, of the 
arm separately, but reproduces them all by a single shaft 
But in the cricket leg guard, the two bones of the lower leg 
are represented by six to eight canes. 

The flesh is reproduced artificially by the padding under 
the canes. The skin of the leg guard, which is often made of 
buckskin, reproduces the skm of the wearer’s leg- 

The lower leg bones of the cricket batting machine are 
therefore formed by the two bones of the lower leg and the 
canes of the leg guard. The flesh is formed by the human 
flesh and padding; and the skin by the skin of the leg and 
skin of the leg guard- When the ball hits the leg guard, the 
human and mechamcal parts work together to stop or deflect 
it The leg guard of course by itself can do nothing; and it 
must be held in position and be moved by the leg. Since it 
is strapped to the leg, human and medianical parts neces- 
sarily move together and have similar actions. 

The second type differs from the first type of leg guard in 

19 
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that the skin does not cover the pad completely, and there 
are vertical slits bet\veen the canes, the slits being useful for 
purposes of ventilation. This type is called the skeleton pad, 
evidently because the skeleton of the leg guard can be seen. 

There is another type, intermediate between these two 
types, called the semi-skeleton type, and so called because me 
skin of the leg guard joins each cane to the other but nui 
continuously along its length. 

Each component of a leg guard reproduces features and 
actions of its human coimterpart. Thus, a cane is vertical as 
a bone of the lower leg is vertical; it is also about the same 
length as the bone. It helps to keep the leg guard erect and 
stiff, as a bone of the leg helps to keep the leg erect and 
stiff. The padding is springy or elastic like the Qesh; and 
like the flesh can deaden the force of a blow; and its position 
relative to the cane ts similar to the position of the Mesh 
relative to a bone. The buckskin forms a covermg tor all 
the components of the leg guard as the human skin forms a 
covering for all the components of the leg. It helps to hold 
the components of the leg guard together as the human skin 
helps to hold the components of the leg together. It is 
evident that, unconsciously perhaps, makers of pads have 
reproduced sevaal features of the batsman’s leg by means of 
the leg guard, and have so made it that its actions also repro- 
duce in a crude and elementary way the actions of a leg in 
stopping or deflecting a ball. 

It would be fanciful to try and relate the structure and 
materials and actions of a cricket leg guard to the structure 
and materials and actions of a batsman’s leg, if it were not 
for the fact that the structures, materials, and actions, of all 
mechanical implements can always be rdated to the struc- 
tures and materials and actions of the machinery of the 
widdear’s or user’s body. It is not a fortuitous coincidence 
that the cricket pad reproduces so well so many of the 
features of the batsman’s leg. It is rather an additional proof 
that the thesis of this work is correct, namely that a part of 
a weapon or other mechanical implement is a crude copy of 
a part of the machinery of the body. 
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The football is related to the foot, as the wora football 
reveals; and becomes part of the foot when it is kicked and 
while it is in contact with the foot- A part of the fool is 
called the ball of the foot, and the phrase suggests the foot- 
ball is a mechanical extension of this part. 

The phrase “ball of the foot” or “ball of the toe” is 
used to describe the rounded part of the foot at the base of 
the great toe. The exact limits of the ball of the toe how- 
ever are difficult to determine; but certainly the volume of 
the football greatly exceeds that of the ball of the toe of any 
one player. 

It has been shown by the author in a previous work that 
the football has the property of being able to represent aU 
the players of a side to themselves and also to their oppon- 
ents. It is also not always kicked by one person, and several 
players sometimes kid, it at the same time; and in theory all 
are allowed to kick it simultaneously. It is therefore not 
essentially a one-man weapon or implement; but can be a 
weapon or implement to represent all the players either singly 
or collectively. In Association football there are twenty two 
players, eleven on each side; and possibly there is a relation- 
ship between the total volumes of the balls of the feet of the 
players and the volume of the football; but the author does 
not know for certain if this fe so. 

The Association football is approximately spherical, but the 
Rugby football approximately ellipsoidal. Reasons for the 
differences in shapes will be suggested when the football is 
again studied, with reference to the reproductive machinery 
of the body. 

The football is related to the large hollow ball used in 
hand-ball or balloon-ball and also to the foUis. Strutt writes, 
“ The follis was a large ball of leather, blown full of wind, and 
beaten backwards and forwards with the fist, and seems to 
have been much played with . . . The balloon-ball, was a large 
ball made of double leather, which being filled with wind by 
means of a ventil, says Commenius, was driven to and fro 
by the strength of men’s arms; and for this purpose every one 
of the players had a round hollow bracer of wood to cover 
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the hand and lower part of the arm. with which he struck 
the ball . . . The balloon-ball seems certainly to have origin- 
ated from the hand-ball, and was, I apprehend, first played 
in England without the assistance of the bracer ..." An illiis- 
nation given by Strutt shows a player about to strike the ball 
with the bare and open hand. 

Since the arm and hand arc related biologically to the leg 
and foot, a ball can be related both to the hand and to the 
foot. The name hand-ball suggests the ball is related to the 
hand. A part of the hand is also called the ball of the thumb; 
and possibly the ball is an extension of this device, or because 
of its large size more probably is an extension of the balls of 
the thumbs of all the players. 
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THE SPEAR-THROWER 

A SPEAR is sometimes thrown with the help of a spear 
thrower, which is a stick or wooden arm lightly 
attached during the throwing movements to the butt 
of the spear, the stick or wooden arm remaining in the hand 
when the speai’ has been thrown. The spear-thrower is found 
in Australia and in some islands in the Pacific and among the 
Eskimos and elsewhere. Figure 27. 

The throwing-arm, when a spear-thrower is used, is formed 
partly by the arm of the thrower, and partly by the spear- 
thrower; and the arm of the thrower and the spear-thrower 
work together to throw the spear. The spear-thrower forms 
an extension for the arm. and increases the leverage it can 
exert and allows the 
power of the wielder to 
be more conveniently 
and effectively applied 
than when the arip alone 
is used. 

Two main types of 
spear-throwers are used. 

In the first type, some- 
times called the male ” 
type, a tooth or peg at 
the end of the spear- 
thrower fits into a 
hollow in the butt of the Fio. 27 , 

spear. Most Australian AUSTRALIAN NATIVE WITH 

spear-throwers are of SPEAR-THROWER 

this type, Tn the second 

or “female” type, the connecting device is reversed, and the 
butt of the spear fits into a hollow or cup at the of the 
^ear-thrower. The two types are shown diagrammatically in 
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Figure 28, In Figure 28 (i), the peg on the spear-thrower lits 
into the butt of the spear; in Figure 28 (//), the butt of the 
spear fits into the cup at the end of the spear-thrower. One 
device is therefore the reverse of the other (Rule 11). 

There are many intermediate types between the male and 
female types of spear-throwMs. These have been called by 
Krause “ mixed ” types. This class indeed “ has the widest 
dispersion, being found among the north-eastern Asiatics, 
American Eskimosi in southern North America, in Central 
America, and one variety in South America: also very prob- 
ably in France (during the reindeer epoch).” ^ 

The right hand and fingers as they hold the “male” 
Australian spear-thrower make two devices or contrivances, 
one to hold the handle of the spear-thrower and one to hold 
the shaft of the spear. The shaft is surrounded or nearly 
surrounded by the forefinger or first two fingers, and rests on 
the tops of the remaining fingers. It impresses its shape on 
the inside of the forefinger or on the insides of the first two 
fingers and on the tops of the remaining fingers, and since 
it is approximately cylindrical, parts or bits of a cylinder are 
formed in the fingers to hold and partly contain the shaft of 
the spear. The parts of the cylinder thus made form a human 
barrel for the shaft. No breech is formed by the hand for 
the shaft, because the shaft does not lie in or against the 
palm. 

The spear-thrower’s grip is however held by the fingers 
and the palm; and is therefore provided with a barrel and a 
breech. The spear-thrower’s grip is held by the palm and 
those fingers which are not placed round the spear’s shaft. 
The barrel is formed by the fingers placed round of partly 
round the grip; and the breech is formed by the palm. 

The reader can be reminded that the barrel of the offensive 
machine is always formed by the fingers, and the breech by 
the palm. This is true whether the machine is the 

I P. Krause, Sling Contrivances for Projectile Weapons, in 
Annual Report of the Smithsonian Institution, June 30th, 1904, 
condensed from Sohleudervorrichtungen Ffir Wurfwaflen, in Inter- 
nationales Archiv, Fflr Ethnographie, Leiden, Band XV., Heft IV, 
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list, claws, club, spear, sword, bow and arrow, rillc or atom 
bontb machine; but the barrel and breech, of course, can be 



(ii) 

Fio. 28, 

DIAGRAMS OF SPEAR- 
THROWERS 

(il Male type 
(ii) Female type 


given mechanical extensions. 
In the gun machine, for 
example, as will be explained 
more fully later, the barrel is 
given a mechanical or art- 
ificial extension by means of 
the metal barrel and the breech 
by means of the metal 
breech, breech block, and 
other devices. It can further 
be safely stated that it will 
never be possible to produce 
a serviceable weapon whose 
barrel and breech are not 
formed by the fingers and 


palm, or by the fingers and palm and mechanical extensions 


of them. 


The fact that the barrel and breech ate formed by the 
fingers and palm can be discovered by examining various 
types of the offensive machine like the thrusting spear machine 
and the bow and arrow machine. When this fact is known, the 
study of weapons becomes much simpler, because it merely 
becomes necessary when studying any particular variety of 
the offensive machine to notice how the weapon lies in the 
fingers and palm or is connected to them in order to discover 
how the barrel and breech are formed. Thus, in the present 
case, to discover how the barrel and breech of the spear- 
thrower machine are formed it is merely necessary to sec how 
various parts of the weapon are held and supported by the 
fingers and palm. 

There can be no doubt that the barrel and breech of the 
spear-thrower machine are formed by the fingers and palm, 
because this fact receives confirmation immediately the cup 
devices at the ends of the spear-throwers and shafts are 
studied, when it becomes evident that they are mechanical 
extensions of the barrel and breech formed by the fingers and 
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palm, and have many similarities of forms and shapes and 
actions to the barrels and breeches of guns, as will soon be 
shown- 

The human part of the barrel of the spear-thrower machine, 
as has been pointed out above, is in two parts, one part being 
formed to hold and support the shaft and the other to hold 
and support the spear-thrower. Thus, supposing the fore- 
finger only to be placed over the spear’s shaft, the barrel for 
the shaft is formed by the inside of the forefinger and the 
top parts of the remaining fingers; and the barrel for the 
spear-thrower by the insides of the fingers whose top parts 
help to form the barrel for the shaft- A breech for the spear- 
thrower is formed by the palm, but a breech is not formed 
by the hand for the shaft 

Parts of the interior surface of the human barrel are there- 
fore formed by the fingers on which the spear shaft presses. 
Usually, the interior surface of the human barrel of a weapon 
is formed by the insides of the fingers. It is formed by the 
insides of the fingers, for example, when a club, spear, jave- 
lin, or sword is held. The reverse sides of some of the fiingers 
however are used to form the interior surface of the barrel for 
the spear shaft of the spear-thrower machine. 

A glance at Figure 28 (ft) will show that the cup device at 
the end of the spear-thrower, in which the butt of the spear 
rests, is a crude mechanical reproduction of the pouch, or 
cup-like device which the hand forms as it holds the hantfie. 
transferred to the end of the spear-thrower. The ri^t hand 
cannot hold the spear’s shaft at a distance from its butt and 
at the same time form a cup device to enclose its butt; but 
by transferring a mechanical copy of the cup device to the 
end of the spear-thrower, the middle of the shaft and the butt 
can be held simultaneously. The butt is held in much the 
same way by the cup of the spear-thrower as it would be held 
if the hand were placed round the butt to throw the spear; 
and the cup device of the spear-thrower is merely an artificial 
and distorted copy of the cup device formed by the pouch 
which holds the handle of the spear-thrower. It is therefore 
a mechanical reproduction of the barrel and hreehh formed by 
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the hand transferred to the end of the wooden spear-thrower. 

In Figure 28 (ii) the butt of the spear fits into the cup 
device of the spear-thrower. The type of fitting in Figure 
28 (0 is nearly the reverse of that in Figure 28 (ii), for in 
Figure 28 (i) instead of the spear shaft fitting into a cup 
device on the spear-thrower, the spear-thrower fits into a cup 
device at the butt of the spear. It was explained in the 
preceding paragraph that the cup device is a transferred 
mechanical copy of the cup device or pouch formed by the 
hand which holds the handle. Therefore the little cup device 
in the butt of the Australian spear-thrower must also be a 
transferred mechanical copy of the pouch or cup device of 
the hand holding the handle of the spear-thrower. 

The peg or tooth of the Australian spear-thrower which fits 
into the cup or socket in the butt of the spear is a mechanical 
extension of a bent forefinger. If no spear-thrower were used, 
^he spear could be thrown somewhat after the manner in which 
it is thrown by a spear-thrower, either by the right hand form- 
ing a cup for the butt end or by the forefinger or first fingers 
being placed against the butt end or in a socket in the butt 
end. The advantage of increased leverage given by use of a 
mechanical spear-thrower would however be lost, and the 
spear could not be thrown very effectively by either of these 
methods, but the actions of throwing with a spear-thrower 
could be fairly well reproduced. Probably therefore the peg 
or tooth is a mechanical reproduction of a forefinger or of 
the first few fingers formed into a device suitable for placing 
against the butt of a spear or into a socket in lie butt of the 
spear to drive it forward. In Figure 28 (i) indeed the tooth 
or peg does have some resemblances to a bent forefinger, and 
can easily be recognized as a crude mechanical copy of the 
offensive device formed by a bent forefinger. 

The reader can easily discover for himself and form the 
prototype of the spear-thrower with the help of say a broom 
handle. If the broom handle is placed along the arm and its 
butt is held in a cup formed by the hand and fingers of that 
arm. the female spear-thrower’s human prototype will be 
formed by the Wielding arm and band. If instead of making 
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a cup to receive and hold the butt of the broom, the forefinger 
is placed against its end or in a socket in the butt end. the 
male spear-thrower’s human prototype will be formed. The 
broom handle can be thrown cither with a thrust from the 
base of the cup or with a thrust from the forefinger along 
the direction of the handle. 

The spear is drawn back' by the fingers, but the fingers play 
little direct part in drawing it forward. It is driven forward 
directly by a thrust from the cup or peg of the spear-thrower. 
Indirectly and primarily, of course, the spear is driven for- 
ward by the lingers, but they act only through the agency of 
the spear-thrower. 

The barrel for the spear’s shaft is not formed solely by the 
fingers placed round the shaft- A transferred mechanical 
extension of the human barrel device, in the form of a wooden 
cylinder surrounding the butt is formed by the sides or rim 
of the cup. The barrel is therefore in two parts. A human 
part is formed by the fingers, and a mechanical counterpart 
by the sides of the cup. The human and mechanical parts are 
separated by the distance between the lingers and the cup. 
The barrel is not continuously formed, and is formed at its 
fore part only by the lingers, and at its end by the cylindrical 
part of the cup. By transferring a part of the barrel to the 
butt, good control is obtained by the barrel over the shaft, 
which could not be obtained if the shaft were held only at 
the middle. 

Sinefe a mechanical part of the barrel is formed by the cup 
of the female spear-fturower, part of the barrel of the male 
spear-thrower machine must be formed by the cylindrical part 
of the cup device in the butt of its spear. The cup device 
of the male spear faces the opposite way to that of the female 
spear-thrower, for the mouth of the male cup faces away 
from the point of the spear but that of the female cup faces 
towards the point. In one variety of the spear-thrower 
machine, therefore, the direction of the cup is reversed com- 
pared with its direction in another variety (Rule 11). Also, 
since the cup in each variety is a mechanical form of the 
breech, the mouth of the breech of the female spear-thrower 



THE SPEAR-THROWER 


299 


machine faces the direction of the motion of the missile. This 
is similar to tlic direction of the breech of tlic gun machine 
whose mouth faces the direction of the missile’s motion, liut 
the mouth of the breech of the male spear-thrower machine 
faces away from the direction of motion of the missDe. A 
mechanical breech can therefore face the opposite way to the 
direction of motion of the missile. 

When an Australian spear-thrower is used, the spear is held 
and thrown m much the same way as the javelin is held and 
thrown. There are many ways of holding the javelin, different 
wielders preferring different types of grips. The javelin how- 
ever always lies in the palm of the hand; and usually two or 
more fingers are placed round the shaft, and the thumb and 
forefinger lie along the shaft in a line with the arm and 
pointing towards the butt of the shaft. The little finger some- 
times is folded back and points towards the arm and point 
of the javelin. The thrust is given immediately and directly 
by the fingers and thumb and hand, the forefinger especially 
playing an important part in thrusting the javelin forward. The 
thrust forward when the spear-thrower is used is not given 
immediately and directly by the human fingers and thumb 
and hand, but by their mechanical counterparts which arc at 
the end of the spear-thrower in the forms of the peg and 
socket. The peg releases the fingers, and the socket releases 
the hand, from the work of directly thrusting the spear for- 
ward; and the peg and socket thrust the spear forward in 
much the same way as the fingers and thumb and hand thrust 
the javelin forward. 

The wielder of an Australian spear-thrower has some 
advantages over the javelin thrower, one being that the 
mechanical finger, or peg, fits into a socket and has a firmer 
grip of the spear than the fingers of the javelin thrower have 
on the javelin, and although some help in obtaining a grip 
can be obtained from the binding, the grip for a thrust for- 
ward is not so good or easy as that obtained by means of a 
peg fitting into a socket. 

Release of the spear is effected by its passing beyond the 
reach of the fingers, and by the separation of the socket or 
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peg and end of the spear which occurs automatically as the 
butt passes out of reach of the socket or peg. The fingers 
must straighten and relax at the moment of throwing 
or the spear shaft will be dragged down and the aim be 
upset. 

The butt of the spear is not always placed in the cup of 
the spear-thrower. Sometimes the loo^ or peg which is placed 
in the cup is fastened to about the middle of the spear’s shaft- 
The thrust is then applied at the middle of the shaft instead 
of at the butt. The tooth or peg can be transferred from 
the butt to the middle, because the shaft really consists of 
two arms placed end to end, and a tooth or peg transferred to 
about the middle is transferred from one end of an arm to its 
opposite end. 

The devices formed by the fingers to hold the grip of the 
spear-thrower are sometimes partly mechanized. The grips 
of Australian spear-throwers often have indentations or 
notches for the fingers, or are wrapped with hair or covered 
with rosin in which a shell or stone is often stuck to make a 
firm grip easy. The grips of Eskimo spear-throwers 
may have a hole in which the forefinger is inserted, or one 
or more pegs project from the border of the grip, against 



Fio. 29. SPEAR-THROWERS. Hofniman Museum 
(9 Australian, with lump of gum on handle 
(iO Nortbem New Guinea 
(iih Australian 
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which the index and other fingers rest. A New Guinea spear- 
thrower has a complicated extension projecting near the grip- 
Catches, clasps, grooves, projections and other devices, are 
formed by these special grips to assist the fingers in holding 
the spear-thrower and spear shaft. Thus, for example, a New 
Guinea spear-thrower of the female class is made from a 
bamboo cane. It ends at a joint which is hollowed out to 
receive the spear. A complicated contrivance is fastened to 
the spear-thrower, and is placed against the side of the spear. 
According to Krause, “ the right side of the spear leans against 
the attached piece, where it is tightly pressed with the thumb, 
the fingers clasping the grip, the attached piece here taking 
the place, so to speak, of fingers (V. Luschan)." The piece 
forms an artificial extension for the fingers, and releases 
them from the work of directly holding the spear’s shaft. 

Sometimes the left hand of the wielder is also placed on 
the shaft, although it is removed just before throwing the 
spear. The barrel when the left band is holding the shaft 
is directly formed by both hands and by the mechanical 
extension of the barrel of the right hand- After the left hand 
is removed it still forms part of the barrel, but not directly 
for it is not then in actual contact with the shaft. It is clear 
however that the spear-thrower machine has an extensible 
barrel, for the distance between the hands varies as the 
weapon is being widded. The barrel is probably of minimum 
length when the left hand is on the shaft, and of maximum 
length when the spear is released from the spear-thrower. 

The female spearthrower machine and the caber tossing 
machine resemble each other in many respects. Both 
machines throw a spear type of missile, but the caber 
machine's missile is very much greater in diameter than that 
of the spear-thrower machine’s missile.. Compared with the 
caber the spear is turned through a right angle (Rule 10), for 
the spear is held horizontally but the caber vertically, or more 
correctly, the spear is held at right angles to the stock of the 
body but the caber is hdd parallel to it- The spear-thrower 
for the caber machine is formed by the tosser’s arms, and is 
human* The caber’s butt rests in a cup formed by the tosser’s 
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hands and fingers : the spear’s butt rests in a cup formed by 
a transferred mechanical copy of the wieldcr’s hand and 
fingers. The cup device of each machine forms its breech 
and back part of the barrel. The fore part of the barrel of 
each machine is at some distance from the butt of the missile. 
The caber’s fore part is formed at the shoulder, but the 
spear-thrower’s fore part at the end of the arm opposite the 
shoulder (Cp. Rule 8). When a cloth is at the shoulder, the 
fo’ e part of the barrel of the caber machine is mechanized, 
but the back part and breech are human: conversely, the 
fore part of the barrel of the spear-thrower machine is human, 
but ^e back part and breech are mechanized (Rule 11). 

Many of the directions of the actions of one machine com- 
pared with those of the other machine are turned through 
a right angle. Thus, the arms of the caber tosser give an 
upward heave, but the arm of the wielder of a spear-thrower 
gives a horizontal pull to propel the missile- The caber moves 
at right angles to the axis of the fore part of its barrel, but 
the spear moves along the axis of its barrel. The caber is 
spun about an axis which is at right angles to the direction 
of Its barrel, the spear about the axis of its barrel. 

It is clear the essential mechanisms and actions of the caber 
machine and the spear-thrower machine are the same, and 
one machine is merely a modified form of the other. 

The effects obtained by means of a spear-thrower can be 
obtained very nearly by means of a throwing-string, the spear- 
thrower being a mechanical extension of the rigid components 
but the string being a mechanical extension of the flexible 
components of the wielding arm. 

A spear is sometimes thrown with the help of a thong 
fastened to the spear usually at about its middle by a binding 
similar to that on a javelin, tibe forefinger, or the first two 
fingers, being placed in a loop of the thong, and the spear 
being held by the remaining fingers of the throwing hand. 

The barrel for the spear thrown with the help of a thong 
is in two main parts- A human part is formed by the fingers 
placed round or partly round the shaft, and a mechanical 
or artificial extension is formed by the turns of the thong 
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which surround the shaft at about its middle. The human 
part IS usually a little m front oi the mechanical part, and 
dues not surround the mechanical part as in the javelin 
macnine m which the fingers are placed on the whipcord 
binding. The pouch, or breech, is human, and is formed by 
ihe palm of the throwing hand, and is a continuation of the 
human part of the barrel. The final thrust to drive the spear 
forward is given directly by the thong attached to the fore- 
finger, which acts as a mechanical extension for it; but of 
course indirectly the forefinger gives the thrust. The fore- 
finger placed in the loop forms a device somewhat resemblmg 
the peg of an Australian spear-thrower, and acts in much the 
same way, except that the forefinger’s action is applied at the 
middle of the shaft, by way of the loop, but the peg’s action 
is applied at the butt of the spear. In the Australian spear- 
thrower machine the forefinger device, as has been explained, 
is transferred to the butt as a mechanical device in the form 
of the peg. 

At the moment of release, the fingers placed round the 
shaft relax and straighten, and the forefinger also at the same 
time relaxes and straightens and points in the direction the 
spear has gone. 

The loop of the thong acts as a mechanical extension of the 
forefinger device, and by means of it the actions of the fore- 
finger are continued and extended. If two fingers are placed 
in the loop, it acts as a mechanical extension of the device 
formed by the two fingers. When the thong is not fastened 
to it but merely wound round the shaft, the loop is rexained 
by the forefinger, or first two fingers, and the shaft is made to 
spin by pulling on the loop as the shaft leaves the hand. As 
the shaft spins, the thong unwinds, and the rifling device 
formed by its turns comes into action, and thus reveals that 
the spiral groove between the turns is really a rifling device: 
although it may not be directly used, as for example when 
the binding is fastened to the shaft as on the modem athletic 
javelin. As the binding unwinds, the mechanical part of the 
spinning device is transferred away from the fingers to the 
parts of the thong wound round the shaft, and the fingers do 
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not then directly spin the spear, but spin it indirectly through 
the agency of the thong, 

A spear is sometimes thrown by the ounep, which is a piece 
of rope with a knot at one end and a loop for the finger at 
the other, Figure 30 (t). The ounep used in Melanesia is 
about nine inches long. It is lightly attached to the spear by 

(0 




(ii) 


Bo, 30. 

(i) Ounep, Put Riven Museum 

(ii) String attached to arrow 

a becket, which is a knot made by the string passing once 
round the shaft and hooking itself behind the knot so that as 
the shaft goes forward it easily disengages itself from the 
shaft. Darts and arrows are thrown by boys in civilized 
countries by means of a string with a knot at one end, the 
string resembling the ounep but being longer and thinner- 
The fingers placed round the shaft form a human part of 
the barrel- A mechanical part is formed by the single turn 
of the ounep placed round the shaft a few inches away and 
secured by the becket. The part of the ounep which passes 
round the shaft takes the form of the shaft and forms a type 
of mechanical barrel similar to that formed for a modern 
javelin by the whipcord binding but consisting of only one 
turn. It is thus a very short cylindrical mechanical barrel, 
and since it is made by only one turn a spiral rilling appears 
only as a fragment where the knot meets the string passed 
round the shaft. The breech is formed by the hollowed palm. 
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It is human, and a continuation of the human barrel formed 
by the fingers placed round the shaft. 

The thrust is given by the forefinger and ounep, the ounep 
forming a mechanical extension of the forefinger device. 
When a dart or an arrow is thrown by a string the mechanical 
extension is longer and thinner. Figure 30 (ii). 

The rifling device is sometimes formed for the boy’s arrow 
or dart by a piece of square paper folded and placed in the 
split butt so that four paper “ feathers ” project. The paper 
feathering is not placed spirally, and does not help to spin 
the missile but keeps it true in flight- 

When a spear-thrower is used, as has been said, the rigid 
or hard components of the wielding arm are partly mechan- 
ized by means of it. The wielding arm. however, is not made 
entirely of hard parts, but contains also soft and flexible 
parts. An ounep or throwing string probably is a contrivance 
which imitates the contrivance formed by the tendons, sinews, 
and similar cord-like components of the wielding arm, and 
becomes an extension of them capable of working in harmony 
with them. The human strings are contained within the arm. 
and are not visible, and we are not familiar with their 
appearances and actions; and the mechanical string cannot 
therefore easily be recognized as corresponding to the human 
strings. Also, correspondence is difficult to observe because 
the mechanical string is a very crude and imperfect reproduc- 
tion of the complex string devices of the wielding arm. 
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THE SLING 


A COMMON type of sling consists of two strings fastened 
to a pouch- It is whirled two or three times either round 
^ the head in a plane inclined to the horizon or in a 
vertical plane at the side of the body. At the right moment 
one of the strings is released to throw the missile. The strings 
form flexible extensions for the arm or arms and allow a 
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greater leverage to be 
exerted on a missile than 
when one is thrown by the 
unmechanized arm. 

The pouch is often made 
of leather or skin. The 
strings are made of hemp, 
skin, leather, sinews, plaited 
grass, or other materials. 
The pouch of the Tierra del 
Fuego sling is made of seal 
skin or guanaco skin, and 
its cords are made of twisted 
sinews. The strings of the 
Sandwich Island sling are 
very long, and its pouch is 
made of matting. The New 
Caledonian sling, or wendat, 
has a pouch made of two 


(i) SlingM; Colonna Trajana, small cords laid side by 

jDaitoii .j 

(«) Sling bullet; W. Hawkins, 

The missiles are usually 
V0l.xxxn,ll47. belwea.liMd3iouace.ii 

wei^t. and ovoid in shape. The New Caledonian stone is 
ovoid and made from steatite carefully ground to the 
required shape. The Sandwich Island stone is also ovqid. 
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One type of Sandwich Island sling has the pouch transferred 
to the missile, a groove being cut round the stone to receive 
the cord. The stone is made of haematite, or blood stone, 
and some of the stones obtained by Captain Cook were very 
heavy, weighing at least a pound. The missiles of the 
Romans were shaped like acorns, and called by them, 
glandes (acorns); Ae name used by the Greeks for their 
missiles was cr^ai/jai /xoXv^Slvoi (leaden balls). ^ An ancient 
Greek sling missile is shown in Figure 31 {iD- 

The mechanical pouch of the simple sling holds the missile 
in much the same way as the hand holds the shot or cricket 
ball or stone. The shape of its interior corresponds to the 
shape of the missile, whatever the missile’s shape, for centri- 
fugal force causes the missile to press against the pouch and 
its shape is then faithfully reproduced on the inside of the 
pouch. 

To aim the missile, when the sling is to be whirled round 
the head, the slinger holds the pouch with his left hand 
stretched forward in front of his head, and the string ends 
with his right hand above and behind his head. The strings 
are made taut and held along the direction of the proposed 
throw, and inclined to the horizon at the necessary elevation. 
The left hand is then suddenly removed from the pouch and 
the right hand whirls the sling round and above the head. 
The left hand is not held stationary, but is moved in a plane 
below the one in which the right hand is moved. Its move- 
ments appear to be opposite to those of the right hand. One 
of the ends of the strings is lightly attached to the forefinger 
or first two fingers so that it can be easily released, and the 
other is fastened to the remaining fingers or fingers and hand. 

During the aiming movements, the missile is held mainly 
by a contrivance formed by the leather pouch and left hand, 
the contrivance being pardy mechanical and pardy human- 
It is held also pardy by the right hand, for the right hand 
holds the strings tight and helps to hold and control the left 
hand and missile. During the whirling movements when the 
sling is being held by the right hand, the missile is held by 


iW, Hawkins, Esq,, F.S.A., Archaeologia, Vol. XXXII, 1847. 
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(.he pouch; but the right hand forms a complementary part 
of the pouch, for it still forms a kind of pouch as it holds 
the strings, and opens when the pouch opens to release the 
missile. The left hand also helps to control the missile, for 
it helps to balance and control the right hand; and its move- 
ments are very similar to those of the right hand. The 
missile therefore although thrown directly by one hand only 
is indirectly thrown by both hands. Release is effected by 
straightening the forefinger, or fingers, and releasing the 
lightly attached string end, and by the opening of the pouch; 
the straightening of the forefinger, or fingers, and the open- 
ing of the pouch occurring at the same time. 

A sling may be made of a continuous piece of material, 
or the pouch and strings may be made separately and then 
be joined by fastenings. The fastenings correspond to the 
fastenings holding the hand to the arm; and they are trans- 
ferred with the pouch to the ends of the strings opposite the 
hand (Rule 8). The mechanical pouch can be easily recog- 
nized as corresponding to the human pouch made by the 
hand when it holds a missile like a shot or cricket ball; but 
the mechanical fastenings joining the pouch to the strings 
cannot be so easily recognized as corresponding to their 
human cormterparts, for their human counterparts are not 
exposed to view and we are unfamiliar with their appear- 
ances and actions, and the mechanical fastenings are merely 
crude and imperfect copies of the human fastenings. 

The pouch of the sling machine is not fully mechanized, 
for the leather pouch is merely a crude mechanical repro- 
duction of the pouch formed by the right hand as it holds 
the strings, transferred to the ends of the strings opposite the 
hand. The complete pouch is formed by the human pouch 
of the right hand and the mechanical counterpart, or leather 
pouch. 

Correspondence of materials is fairly close when the pouch 
is made of skin, for the skin of the pouch then reproduces 
the skin of the hand fahrly wdl. It is less close when the 
pouch is made of leather or matting. Correspondence of the 
sling strings to the strings of the arm is probably fairly close 
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when they arc made from sinews, and less close when made 
from leather or hemp or manufactured materials. 

The leather pouch copies fairly well the shape of the 
interior of the pouch of the hand; and is a mechanical type 
of breech. But by means of it the barrel is also partly 
mechanized, for when the sling is being aimed the left hand 
fingers grip the sides of the pouch, and the barrel is then 
formed mainly by the left hand fingers and sides of the 
pouch. A human part of the barrel is then formed by the 
fingers and a mechanical part by the sides of the pouch- 
When the sling is being whirled the fingers are not in contact 
with the sides of the pouch; but the barrel is still formed 
partly by the sides of the pouch, which then act as a mech- 
aniesd counterpart of the barrel formed by the right hand 

strings, the barrel device 
formed by the right hand 
fingers being partly trans- 
ferred in the form of the 
mechanical device, formed 
by the sides of the pouch, 
to the opposite ends of the 
strings. 

The strings when the 
sling is being whirled act 
as mechanical extensions 
for the strings of the right 
arm, but after release of 
the missile they tend to 
come into a straight line 
and then perhaps become 
mechanical extensions of 
both arms. But perhaps 
th^ are at all times 
mechanical extensions of 
file strings of both arms, 
but placed side by side 
until the missile is released. 
Mechanical string ends with their mechanical fastenings 


fingers at the other end of the 



Fig. 3J, 

ACTIONS OF THE 
TREBUCHET 

After Viollei-le-duc 
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and attachments can be seen on the trebuchet, which was 
an engme of war used m ancient and mediaeval times. 
Figure 33. The trebuchet had a long arm to the end of 
which a sling was fitted- The arm was moved by means of 
counterweights sometimes weighing several hundredweights, 
and was wound down by levers or pulleys. The missile 
varied, but was usually a round stone. The methods of 
fitting the strings, which are represented by the ropes of the 
sling, to the arm are shown in Figure 32 (i). The lower 
toetal loop B, Figure 32 (i), is fastened to the arm; the higher 
loop A is lightly attached to the metal finger C so that when 
the arm is at about the highest point in its revolution it is 
automatically cast off to release the nussile. In Figure 32 
(ii) the arm is shown in anothM position with the loop A 
about to slip off the finger C. The metal finger C is not 
flexible, and cannot bend as the human finger can bend; but 
it has a recognizable resemblance to a forefinger. Release 
is effected by mechanical means, centrifugal force pulling the 
loop A off the finger at the right moment. Figure 32 («’/), 
shows the trebuchet’s arm and sling in different positions 
during the arm’s revolution and shows the strings being 
released and the missile being thrown; and it can be seen 
that the actions of the human slinger’s arm and fingers are 
approximately reproduced by mechamcal means. 

Althou^ the finger of the trebuchet cannot bend, the 
action of straightening the finger to release the string end is 
reproduced, for during the throwing movements the metal 
finger is too much inclined for the metal loop to slip oft; but 
at the moment of releasing the missile the finger is inclined 
in the direction of the target sufficiently for the loop to slip 
off- The straightening of the finger to release the missile is 
therefore performed although the finger cannot bend. 

Drawings of trebuchets and other ancient and mediaeval 
engines of war may be seen in works by Valturius, Viollet- 
le-duc, Napoleon IH, Grose, Cowper, and others. In his 
work on the crossbow, Sir Ralph Payne-Gallwey has draw- 
ings of trebhehets, catapults, and ballistas, which he has 
reconstruct. Figure 33 is a rathesr fanciful sketch of a 
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trebuchet according to Valtnrms. the military historian, 
AD. 1472, showing the arm, counterweights, strings, pouch 
and missile, and method of fitting the strings. 

The fastenings which join the ends of the strings of a sling 
to the hand are partly mechanized, for mechanical clasps 

ate formed by the turns of 
the string ends as they sur- 
round the fingers, and 
grooves are formed by the 
strings in the skin and fiesh 
of the fingers. As the 
strings are being whirled- 
the string ends tighten 
round the fingers, and the 
skin and flesh grooves 
become deeper. The human 
grooves are complementary 
in shapes to the shapes of 
the clasps, and the strings 
fit into the grooves they 
make. The actions of the 
devices formed by the 
strings and the human 
grooves are also comple- 
mentary, but arc difficult 
to study. 

The clasps formed by the end of the string which is set 
free are diflarently formed from those formed by the end 
which is retained, and types of clasps are formed by the 
lightly attached string which can easily and suddenly be un- 
done to allow the string to leave the forefinger or first two 
fingers. The differences in types is clearly shown in the two 
different types formed for a trebuchet, one string end being 
permanently secured to the trebuchet’s arm, and the other 
being lightly attached so that it can easily slip off at the 
right moment. The string ©ids for a trebuchet are crude 
copies of those formed by string ends fastened to the hand, 
and reproduce only certain of their features ^d actions. 
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although essential features and actions are reproduced. 
Fastenings which hold string ends to bows are types of the 
fastenings made when sling ends are held by the fingers. 

The maga7.ine of the slmg machine is partly mechanized 
when the slinger carries spare missiles in a bag or other con- 
trivance. When the release action of the hand and fingers 
is not used, the wielder can easily repeat the movements of 
hitting the opponent. Thus, the fist or club or spear or sword 
can be drawn back when a blow or thrust has been given 
and the hitting or thrusting actions and movements can then 
be repeated- But when the release action is used, and the 
weapon or a part of it is thrown, the wielder must perform 
many actions and movements before another blow or thrust 
can be given. Before the shot or javelin or caber thrower 
can throw again he must retrieve his missile or obtain a new 
one, and his actions and movements when retrieving a missile 
or obtaining a new one are complicated and cannot easily 
be analysed. Information about ^ actions and movements 
that take place between the throws can most easily be 
obtained when there are some mechanical parts to perform 
some of the repeating actions and movements. Part of the 
repeating machinery of the slinger is mechanized when he 
carries spare missiles in a bag dung over his shoulder or at 
his side, or in the folds of the outer dress, Figure 31 (i). The 
bag or fold of the dress is a mechanical or artificial con- 
trivance which is of help in the repeating actions and move- 
ments, and is a mechanical part of the repeating machinery 
of the slinger. But the mechanical part of the repeating 
machinery is in a rudimentary stage of development, and 
human actions and movements are needed to {dace the 
missiles in the bag or fold of the dress and to take them out 
and to fit them to the pouch of the sling. 

‘ The sling has various forms. The deft stick is a type 
of sling. It consists of a stick deft at one end to receive 
a flat stone, Figure 34 (i). The throwing-arm of the 
widder of a ddt stick is formed partly by the arm of the 
wielder and partly by the stick; and the arm and stick work 
together to wield the deft end and to throw the stone. The 
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stick forms aa extension for the throwing-arm, and increases 
the leverage it can exert. The weapon is held and controlled 



Rq. 34. STAFt? SLINGS 

(i) Cleft stick 

(ii) Staff and strap 

(iUi Staff sling, XVth Cent, A, Demmin 

(iv) Staff sling, from XVIth Cent M.S., A. Demmin 

(v) Staff slingers, from XlUth Cent M.S., J. Strutt, 


by the hand which holds the stick. The missile is held and 
controlled directly by the deft end. and also indirectly by the 
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hand holding the stick. The deft end has a rudimentary re- 
semblance to an outstretched hand and thumb and is a crude 
mechanical form of this device transferred from the lower 
end of the stick to the other end. It releases the hand and 
thumb from the work of directly holding and releasing the 
missile; but it is too imperfect a form of the throwing hand 
for the cleft stick to be a very effective weapon. 

Another type of sling has a staff to one end of which 
a strap is fastened, the strap being about equal to the length 
of the staff. Figure 34 (il). A flat missile is held by the rude 
pouch formed at about the place where the staff and strap 
join. The free end of the string, or strap, is lightly attached 
to the hand; but the other end is transferred to the end of 
the staff opposite the hand; and the staff holds the string 
end, and releases the hand from the work of directly hold- 
ing it. 

The staff and strap are side by side during the wielding 
movements, that is, the mechanical extensions of the rigid 
and flexible parts of the arm or arms are side by side; but 
after the strap is set free, it extends outwards from the end 
of the staff, and tends to come into line with it. The pouch 
is very crudely formed. Release of the missile is effected 
partly by straightening the finger or fingers holding the strap, 
and partly by the opening of the pouch, the finger or fingers 
straightening and the pouch opening at the same time. 

Another type of sling has a staff with two strings, one 
string being shorter than the other. The strings are joined 
to a pouch, and the shorter string is fastened to one end of 
the staff. Figure 34 (iii). The staff and strap sling described 
above has only one string: but the sling now being described 
has two strings, but one of them is imperfectly mechanized. 
The shorter string is fastened to the end of the staff opposite 
the hand, and the end of the staff releases the hand from 
the work of directly holding it. The missile is held partly 
by the pouch; and also partly by the hand holding the string 
end, and partly by the end of the st?iff holding the shorter 
string for the pouch cannot contain the missile if the hand 
releases its string end, as it does when the missile is being 
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released, or if the fastenings at the end of the staff come 
undone. The human part of the pouch for the missile is 
therefore formed by the hand holding the staff and string 
end; and the mechanical parts partly by the pouch between 
the strings, and partly by the end of the staff holding the 
shorter string. Release is effected by straightening the finger 
or fingers holding the lightly attached string, and by the 
opening of the pouch, the straightening of the finger or 
fingers and the opening of the pouch occurring at the same 
time. 

The staff sling consists of a heavy staff, from four to six 
feet in length, with a pouch slung at one end. The end of 
the pouch nearer the hands is fastened to the staff, but the 
other end is lightly attached by means of a ring resting in 
a slight groove. Figure 34 (iv). To throw the missile the staff 
is held in both hands and is brought up from behind the 
middle of the back over the head. Figure 34 (v). In olden 
times the missile was often a grenade. Both arms take an 
active part in wielding the staff, and the throwing arms are 
formed partly by the human arms and partly by the long 
and heavy staff which forms an extension for tlie arms. The 
hands are released from the work of directly holding the 
pouch and releasing the missile; but they must bring the 
staff into the position in which the ring can slip off to allow 
the pouch to open and release the missile. The missile is 
therefore only partly held and controlled by the mechanical 
pouch. The ring corresponds to the fastenings which hold 
the lightly attached string to the fingers of the simple sling, 
and is another mechanical form of the fastenings. The strings 
are imperfectly mechanized, and may be represented by the 
parts of the pouch which join it to lie staff and to the ting. 
The end of the staff holds and releases the ring in much 
the same way as the finger of the trebuchet or the forefinger 
of the wielder of a simple sling holds and releases the li^dy 
attached string, and the end of the staff is therefore another 
mechanical form of the forefmger or forefingers, but is a 
more rudimentary form than the trebuchet's finger, and is 
transferred from the hands holding the staff. The staff sling 
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is uncertain in its actions and is not a very effective weapon. 

Other types of slings are the athletic hammer and weight, 
which have been studied in a previous chapter. 



Chapijbr 28 


THE BOW 

I r iias been pointed out that the typical club somewhat 
resembles a fist at the end of an arm. for the reason 
that it is a mechanical or artificial copy of the offensive 
contrivance formed by a fist and arm. Similarly, the typical 
spear, which is a spear with a leaf-shaped blade, somewhat 
resembles a hand at the end of an arm, for the reason that 
it is a crude copy of a thrusting weapon that could be formed 
by a hand and arm. The croquet mallet resembles a leg and 
foot, because it is a mechanical copy of the leg and foot. 
The lawn tennis racket resembles a hand and arm, because 
it is derived from the hitting implement formed by a hand 
and arm. Indeed each weapon or implement that has been 
studied resembles some human contrivance, for the reason 
that it has been derived from and is a crude copy of the 
human contrivance. 

But the weapons that have been studied have consisted 
of only a few parts and devices. More complex weapons are 
now to be studied, and the form of the human body, as 
might be expected, will begin to be more clearly and fully 
reproduced by the weapons. Thus, for example, if a cross- 
bow is placed upright, the form of the human body with 
arms outstretched can be distinctly seen. The human arms 
are represented by the bow arms, the stock of the body is 
represented by the wooden stock of the weapon, and so on, 
(see Figures 39, 54, 63). The human form is foreshadowed 
in the ordinary bow and arrow; and if an arrow is laid on 
a bow and the weapon is placed upright, the form of the 
human body can be distantly seen. But the significance of 
this foreshadowing of the body by a weapon cannot be fully 
understood until weapons are studied with reference to the 
reproductive machinery of the body, as will be done in Part 
II of this work. In the meanwhde, it can be noticed the 
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bow arms correspond to and reproduce the outstretched 
human arms, and the strings reproduce the strings of the 
human arms- The ordinary bow and anow has no 
mechanical stock; and the stock of tlie bow and arrow 
machine is human, and formed only by the body of the 
wielder of the weapon. 

If the ends of a sling are held, one in each hand, and 
the arms are opened out until the strings are nearly in a 
straight line, the form of the pellet bow will be seen. The 
wooden limbs or arms of the pellet bow correspond to the 
human arms; the handle of the bow. or part held by the 
left hand, corresponds to the parts of the chest between the 
arms; the bow nocks correspond to the hands; and the strings 
correspond to flexible parts of the arms. The actions of the 
pellet bow can be reproduced approximately, for if the strings 
are held as before and the body is bent until the sling’s 
pouch just rests on the ground and the arms are suddenly 
extended, the missile will be thrown in much the same way 
as from a pdlet bow. The experiment would be dangerous* 
of course, for the missile mi^t be thrown at the face or 
chest. The target would be behind the thrower, and aiming 
would be difibcult. 

In the experiment, the missile would be propelled to the 
rear instead of to the front of the thrower, the direction of 
the missile thus being exactly reversed compared with its 
direction when a pellet bow is being wielded, in accordance 
with Rule 11. 

When a pellet bow or an ordinary bow and arrow is being 
wielded, its arms * are reversed compared with the arms of 
its wielder, for the concavity of the wielding arms is towards 
the bow but the concavity of the bow is towards the body, 
the concavity being reversed in accordance with Rule 11. 

The upper limb or arm of the ordinary bow corresponds 
to and is a crude mechanical reproduction of the ri^t wield- 
ing arm, if the wielder shoots right handed; and the lower 

* H. Balfour defines the anns of a bow as, " The flexible portions 
lying between the central "grip” and the rigid extremities."— The 
Joittml of the Anthropological Institute, Vol. XIX., 1890, 
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limb or arm corresponds to the left wielding arm. This is 
evident because the upper bow arm is often made a little 
longer and more flexible than the lower bow arm. According 
to James Duff, a maker of bows and a writer on the subject 
of making them. “ the lower limb of the bow should be made 
shorter than the upper one and should be stiffer” and since 
the left arm of the archer is stiffer and less flexible than his 
right arm (if he is right handed), because it is not so 
practised, it is dear that the upper bow arm corresponds to 
the right arm and the lower one to the left arm. 

It is sometimes said that the length of a bow should be 
governed by the height of the user; and the length of the 
long bow was indeed supposed to be the same as the height 
of its wielder. But the height of a person is approximately 
the same as the distance between his outstretched hands 
measured from the ends of the fingers of one hand to the 
ends of the fingers of the other hand. Therefore the length 
of the bow IS governed, as might be expected, by the lengths 
of the arms and width of the chest- According to James 
Duff, the length of die bow should be governed not by the 
height of the archer but by the length of his arm. — “ the 
length of the bow should be governed by the length of the 
arm of the shooter in drawing his arrow to its head — a rule 
the professional maker always has recognized,” 

Although the length of the bow is related to the length 
of the wielder’s arms, yet distortion may make correspond- 
ence difficult to observe. Thus the pygmy Andaman 
Idanders use bows sometimes seven feet in length; but the 
Bushmen of South Africa and the Red Indian horsemen 
have very short bows. Sometimes reasons for distortion are 
evident. Thus, for example, the Bushman of South Africa 
uses a small and weak bow. seldom more than four feet 
long and often less, and it is so poorly made that any little 
boy can make with a stick and a string a bow quite as good. 
But the Bushman cares little about its strength or accuracy 
of aim, inasmuch as he sddom shoots at objects more than 
a few yards away and likes to creep to within eight or ten 

Practical Book on Making Bows and Arrows. 
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yards of his target if he can do so. It is said that in a test 
a Bushman failed to hit an antelope skin nearly seven feet 
square hung on a pole at a distance of twenty yards, though 
he hit it with his second shot* The Bushman, however, is 
a deadly enemy to game or man, because his arrow which 
is only about eighteen inches long and unlike the bow is 
well made, is poisoned, and provided he can make it scratch 
his quarry, he kills it. Since the full power of the body is 
not used by the Bushman archer, it cannot be expected that 
his bow wUl show much correspondence in length or power 
to the length and power of his arms and body- One of the 
most famous bows, the long bow, however, it can be noticed 
again was very closely related in length to the length of the 
archer’s arms; but the archer “laid his body in the bow” 
and used his full strength in harmony with that of the bow, 

The upper and lower bow arms are coimected by the 
handle; and the bow thus consists of three main parts, the 
upper arm, the lower arm. and the handle or part between 
the upper and lower bow arms. The limits of these parts 
cannot easily be known when the bow is made from a single 
piece of wood. Certain types of bow arms> however, are 
made separately from the handle, when it becomes easy to 
distinguish the different parts. Modern bows, for example, 
are sometimes made in three sections, for convenience in 
transport, and fitted together in much the same way as parts 
of a fishing rod are fitted together. The three parts of the 
bow can be distinctly seen in the catapult with elastic strings 
used by boys, the two arms being Ae forks to which the 
strings are fastened, and the handle the part held by the 
hand- The toy catapult is a diminutive type of bow. 

The handle of the bow connects the bow arms. The 
wielder’s arms are connected by devices formed by his chest. 
Therefore the bow handle must correspond to the human 
devices which connect the arms of the wielder of a bow. 
Although these human chest devices are partly mechanized 
and externalized by means of the bow handle, it is not 

■»The Rev. J. G. Wood, M,A., F.L.S., etc., The Natural History 
of Man, 
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possible to discover much about the human devices. It can be 
observed that the bow handle joins the bow arms; keeps 
them at a certain distance apart; and so on. Presumably 
the human devices act in a si mila r way to join the wielding 
arms, to keep them apart, and so on. A considerable dif- 
ficulty however arises when trymg to relate the chest devices 
and the handle device, because the handle, as will soon be 
seen, is not merely an extension of the chest devices but 
is also a mechanical extension of the barrel of the hand, of 
devices holding the chest to the arms, of the elevating devices, 
and of many other devices; and it is not easy to see these 
devices separately in the bow handle. Therefore, at least 
for the present, we must be content with notieing that the 
handle is a mechanical extension of thickest devices without 
being able to say mueh more that is useful about the way the 
chest devices are formed. 

The bow handle is held by the left hand, with the left arm 
stretched forward, Figure 35. It is therefore a mechanical 
reproduction of the chest device transferred from the chest 
to the end of the left ^m. Presumably the human device is 
horizontal, and when the bow is held horizontally, as it is 
held for example by the Bushman of South Africa or the 
Eskimo, the mechanical counterpart when transferred re- 
mains horizontal. But when, as is usual, the bow is held 
in a vertical plane the handle is turned through a right angle, 
(Rule 10). The bow arms themselves are transferred from 
the wielding arms to the end of the left arm. and when in the 
vertical plane are turned through a right angle compared with 
the wielding arms. 

The handle besides forming a contrivance to connect the 
bow arms also forms a handle or grip for the left hand; and 
is therefore related to the grip of the handle of a club, hilt 
of a sword, middle part of a javelin, and all similar devices; 
and it fills the hollow or barrel of the hand- 

The handle is held by clasps formed by the left hand. 
These clasps are human, and therefore little can be seen of 
their construction or methods of working by direct observa- 
tions, for human devices are extremely complex; and besides 

21 
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f fir ming clasps the left hand also forms a barrel, riJling 
devices, elevating and depressing mechanisms by means ol 
which the angle of elevation or depression of the arrow can 
be changed, chequering, and probably a host of offensive 
devices not yet known to makers of weapons. To realize the 
existence of some of tliese devices and to study them, types 
of offensive machines in which the parts or devices are 
slig htly mechamzed must be studied. Some understanding 
of the clasps, for example, can be obtained by studymg 
various types of crossbows, whose bows aie held to the 
stocks by mechanical clasps or fastemngs like smews, 
colds, and metal grips. Each of these mechanical clasps 
probably illustrates some prmciple or prmciples of the 
human clasps- Havmg studied crossbow clasps some little 
understanding can then be obtained of the human 
fastenings which connect the handle of the ordinary bow to 
the atm and stock of the widder’s body. Until a study is 
made of mechanical clasps, the dasps formed by the archer's 
left hand and fingers can only be noticed in a general way. 
It can be seen that the fingers curl round the handle, that 
each finger forms a clasp in conjunction of course with clasps 
formed by the other fingers; that the clasp device where it is 
formed by a finger consists of three main parts, formed oy 
the three joints of the finger. It can be conjectured that the 
sinews or other similar parts of the fingers help to form the 
clasps and give them their spring-like properties; but it 
cannot be known how these sinews work with those of the 
wielding arms and stock and legs and other parts. Many 
other general observations might be made, but their signifi- 
cances cannot be understood until mechanical clasps are 
studied. 

The bow arms decrease in girth from the handle to the 
bow nocks. The human arms decrease in girth from the 
should^ to the wrist, not regularly and evenly as bow arms 
decrease; but comparing bow arms with human arms it can 
be seen that the upper bow arm points upwards and the 
lower one downwards, and that the portions near the bow 
nocks correspond to the forearms and those nearer the 
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handle to the upper arms. This can be seen, in a general 
way, but there is seldom anything to reveal where the fore- 
arm of the bow begins and the upper arm ends, unless the 
bow IS a composite bow when these parts arc often clearly 
distinguishable. The arm of a composite bow when unstrung 
often bends sharply at about half way between the handle 
and bow nock. Archers call this part of the bow arm the 
“elbow” When a bow has a well defined elbow, it can 
easily be seen that the part of the bow between the elbow 
and the nock corresponds to the forearm, and the part 
between the handle and elbow coriesponds to the upper arm. 
Bow arms are much more regular and mathematical in shape 
than human arms, as is usually and probably always the case 
with copies of human contrivances, for it is not possible 
to imitate the complex human contrivance with any degree 
of fidelity, and so a mechanical contrivance of some simple 
shape must sufihee. Also, it is possible to make bow arms 
of a regular and simple shape because no attempt is made to 
copy more than a very few of the mam features of the 
wielding arm. 

The commonest type of bow consists of a single piece of 
elastic wood. Such a bow is called a self bow. A well 
known example of the self bow is the long bow. made from 
a single piece of yew. Many types of self bows arc made 
from bamboo canes. 

There is a great deal of difference between the structure 
and materials of wood and the structure and materials of the 
arm; and wooden bow arms can therefore correspond only 
distantly to human arms. But, on the other hand, there are 
many similarities beWeen the structure and materials ot 
wood and those of the human arm; and the branch of a tree, 
which is really a limb or an arm of the tree, is constructed 
on somewhat the same principles as the Umb or arm of an 
animal or man- Therefore althou^ a wooden bow cannot 
reproduce many of the characteristics of the wielding arm, 
the experience of makers of weapons has shown that it can 
reproduce some of them fairly effectively, and for ages 
the wooden self bow has served as a convenient and 
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easily obtained means of externalizing the wielding arm. 

The relationships between plant life and animal life arc 
little understood. It can be observed, however, that in a 
piece of wood, say the branch of a tree, the elasticity is 
obtained from all its parts; but the elasticity of the human 
arm comes only from certain components like muscles, 
sinews and tendons. In this respect correspondence between 
bow arms and the wielding arms is poor. But by means of 
the bow arms and bow strings together the elastic properties 
of the wielding arms are copied effectively enough for the 
mechanical and human arms to work together to throw an 
arrow or pellet 

A remote but easily recognizable correspondence is 
evident between the outer structures and materials of the 
bow arms and wielding arms when the bark of a self bow 
remains on the bow; for the bark, which is the skin of 
the wood covers the bow arms m much the same way as the 
skin covers the wielding arms. Self bows are often wrapped 
with various materials, to strengthen them against breakage 
or splintering; and these bows are called “wrapped bows”. 
The bows in Western Congoland, for example, before they 
were ousted in favour of the gun and spear were bound 
with the skin of the monitor lizard.J Bow wrappings form 
an artificial skin for the bow arms; and the makers of 
wrapped bows when trying to prevent breakages or 
splinterings or the penetration of moisture also reproduced, 
perhaps unconsciously, a prominent feature of the wielding 
arms. 

A type of bow intermediate in type between the self bow 
and the composite bow is the sinew-backed bow. a type 
made by the Eskimos, some North American Indian tribes, 
and found also in Northern and Central Asia, and occasion- 
ally in India, China, and elsewhere. The most noticeable 
special feature of the sinew-backed bow is a cable or band 
of sinew strings laid along and fastened to the back of the 
bow often from one nock to the other. J. G. Wood describ- 

jSir Harry Johnston, G.C.M.G., K.C,B., Hon. D.Sc.,Cainb., 
George Grenfell and the Congo. 
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ing a sinew-backcd bow in his possession made by the Aht 
tribe of Vancouver says: — 

“The bow is an admirable specimen of savage art, and 
must be the result of long experience . It is four feet three 
inches m length, and made of one piece of wood. In 
general shape it resembles the bow of the Andamans, though 
it is not of such gigantic dimensions. In the middle the wood 
is rounded, so as to form a handle which is nearly four 
inches in circumference. From the handle to the tips, the 
wood is gradually flattened and widened for about fomteen 
inches, where it is just two inches wide. From this point it 
gradually lessens again to the tip. which is rounded and 
thickened, so as to receive the notch for the string. 

“Were no addition made to the bow it would still be a 
powerful weapon, but the maker has not been satisfied with 
the simple wood, and has strengthened it with a wonderfully 
complex arrangement of strings made of twisted sinews- In 
my specimen there are rather more than fifty of these strings, 
which are laid on the bow and interwoven with each other 
in a manner so strong and neat, that the most skilful sailor 
might be envious of such a piece of handiwork. Each of these 
strings is double, the two strands being about as large as 
thin whipcord, and when seen agahisl the light they are quite 
translucent. 

"They are put on in the following manner. Two deep 
notches, parallel to the line of the bow, are made at each 
tip. these notches serving two purposes — ^ftist, the reception 
of the bow-strings, and the next the support of the strength- 
ening strings. Eight of the strings, measuring about eleven 
feet in length, have been doubled, the loop passed over the 
tip of the bow, and the strings led along the back over the 
corresponding notch at the other tip, and brought back to 
the middle. These strings lie parallel to each other, and 
form a flat belt from one end of the bow to the other. About 
an inch below the tip. three other sets of strings are fastened 
in a somewhat similar manner so that four distinct layers 
of strings run throughout the length of the weapon. 

“Even these have not sufficed the maker, who ha? added 
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six more layers starting from the widest and flattest part of 
the bow, so that nearly three lect of the centre of the weapon 
are strengthened by no less than twelve layers of sinew 
strings . . . The strings are laid on the bow with extreme 
ingenuity, so that whether the weapon be bent or vmstrung. 
they all keep their placjes. So firmly are they lashed to the 
bow, that even when it is unstrung they are aU as tight as 
harp-strings. 

“ The string of the bow is made of the same material as 
those which strengthen the back, and in consequence of the 
very great strength of the material, it is much thinner than 
the string of an ordinary archer’s bow. It is made of two 
strands, each strand being about as large as the back 
strings . . . ” 

The flexible and rigid parts of the sinew-backed bow lie 
alongside each other, in somewhat the same way as the 
flexible and rigid parts of the arm lie alongside each other; 
and several of the components of the bow somewhat 
resemble components of the human arm in shape and mater- 
ials. Thus the strings along the back of the bow and the 
clasps which hold them to the bow are made from sinews 
taken from an animal, and in materials and construction of 
materials resemble human sinews. When the bow stave is 
made from bone, as is often the case, and horn, whalebone, 
or strips of hide, are placed between the sinew backing and 
the stave, resemblance of materials is even closer. But in 
certain ways the anatomy of the sinew-backed bow differs 
markedly from that of the human arm. Thus, for example, 
the sinews or soft and flexible parts of the bow are on the 
back or convex side, but the sinews, tendons, musclds, and 
other soft and flexible components of the human arm are 
mainly on the inside or concave side of the arm. But the 
differences in positions can perhaps be accounted for as a 
result of transference of parts, the sinews of the bow being 
tramferred from the concave to the convex side of the stave 
(Rule 8). The sinews of the bow, however, are not aU trans- 
ferred to the back, for the bow strings, which are also made 
fix»m sinews, arc StiH on the concave side of the bow. The 
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sinew-backed bow, unlike the composite bow and some self 
bows, is not wrapped, and thus does not reproduce the skin 
of the arm. 

Another type of bow intermediate in type between the self 
bow and the composite bow has the sinews moulded on to 
the wood of the bow. According to Balfour, “ The peculi- 
arity of this type, which is distributed' over a fairly wide area 
of North-West America, is that, instead of the sinew 
backing being composed of plaited sinew cords, kept close 
to the bow by means of cross binding of similar material, it 
consists of a mass of sinews taken from the back or neck of 
some animal, not divided up into strands or cords, but 
moistened and then moulded in layers directly on to the 
surface of the bow. so that the whole forms a very compact 
weapon, the composite structure being far less obvious than 
in Esquimaux bows with ‘free’ backing.” He also quotes 
Sir E. Belcher as saying, “the wet layMS of sinews are 
applied, so as to entirely encase the wood . . . The horns 
(ends) of the bow are also moulded entirely from it. and. 
when dry, it presents the translucent features of horn. The 
face of the bow is then polished off to show the wood. Those 
bows are preserved with the utmost care in fur cases to 
prevent moisture reaching them, by which their strength 
would be materially diminished.” The sinew moulding is 
sometimes reddened or blackened and sometimes left in its 
natural colour.'* 

The bow backed with moulded sinew clearly represents an 
attempt to reproduce certain features of the wielding arm 
more closely than is possible by means of a bow backed with 
“free” sinews; but correspondence is more remote in certain 
respects, for the sinews of the moulded bow cannot move 
relatively to the wood as can those of the free backed bow. 
The sinews of the wielding arm. of course, do move rela- 
tively to the bones. By colouring the moulding attempts 
seem to be made to reproduce the colouring of the flesh and 
other components of the wielding arm. 

4H, Balfour, M.A., F.Z.S., The Structure and AfBnities of the 
Composite Bow, Journal of the Anthropological Institute, Vol. XIX, 
1890 , 
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The composite bow reproduces several features of the 
wielding arm; but its parts have no relative movements, and 
thus although a composite bow reproduces more clearly cer- 
tain features of the wielding arm than either the sinew-backed 
bow or the bow backed with moulded sinew, it reproduces 
others less clearly. 

There are many varieties of composite bows. The com- 
posite bow. as the name given to it indicates, is composed 
of many materials, many of which, like bone, sinew, and skin, 
are also components of the human arms- A section taken 
through the middle of the arm of one bow, by H. Balfour, 
showed the core was formed by a flat piece of cane. To this, 
on the belly, or inside of the bow when strung, was glued 
a thick piece of horn. On the back was moulded first a layer 
of sinews, and over this a layer of mixed sinews and glue. 
At the sides were two thin strips of horn covering the ends 
of the several components. Over the layer of mixed sinews 
and glue was a fine, delicate layer of the inner bark of birch, 
which was covered by a layer of coarser bark. The various 
components varied in shape and thickness at different parts 
of the bow. and sometimes, as at the grip, other components 
were included. 

The composite bow is nearly always covered with skin, 
bark, or other skin-like material, or lacquered or painted, so 
that it is sometimes mistaken for a self -bow. The purpose of 
the outer skin-like covering may be to protect the component 
parts from damage and especially from moisture; but this 
external covering reproduces fairly faithfully the skin of the 
wielding arm, of which it is a crude artificial copy and exten- 
sion- The elaborate structure of the Persian composite bow 
is usually concealed by a coat of lacquer which is often 
highly decorated with designs, in much the same way as the 
human arm is often tattooed; and the adornments of tlie bow 
arm may be said to correspond to the tattooing adornments 
of the human arm. 

The sinew-backed bow and the composite bow are curved 
after being strung in the opposite way to that in which they 
are curved before being strung. Before being strung the 
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belly lies on the convex side, but after being strung lies on 
the concave side, the bow being, as it were, turnea inside out 
on being strung. In some specimens of composite bows the 
points of the bow nocks may touch or even cross before 
being strung. When the human arms are brought to the front 
of the body, so that the fingers meet, the outline of the com- 
posite bow can be seen; the human elbows corresponding to 
Che “elbows” of the bow, or places where the bow arms 
make a sharp bend. The sinews and other cord-like com- 
ponents of the human arm are on the inside or concave side. 
Before the bow is strung, its sinews are similarly on the 
concave side- When it is strung, however, they are on the 
convex side, their positions compared with their human 
counterparts being reversed; and it can be seen then how 
sometimes parts of weapons can be reversed in positions 
relative to their human counterparts, or relative to corre- 
sponding parts in other weapons. 

The bow string is really two strings placed end to end. as 
is indicated when the middle portion is wrapped with binding 
to prevent abrasion by the butt of the arrow. Also since 
there are two bow arms, it is likely that there are also two 
strings. 

The bow strings correspond to string-like components of 
the wielding arras; but do not lie quite alongside the rigid 
mechanical components, formed by the bow arms, as presum- 
ably, the string-like human components lie alongside the 
bones. Before the bow is strung, and in some types of bows 
before the bow is drawn, however, the strings may lie nearly 
alongside the bow arms. Since the upper bow arm 
corresponds to the wielder’s right arm, the upper bow string 
evidently corresponds to the string-like components of the 
wielder’s right arm. and the lower one to the string-like 
components of the wielder’s left arm- The bow strings are 
fastened to the bow arms probably in a manner which corre- 
sponds to the manner in which the strings of the arm are 
fastened to the rigid parts of the arms; but correspondence 
between the ways in which bow strings are fastened to bow 
arms and the ways in which human tendons, muscles, sinews. 
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and other components which form the wielding cords of the 
arm are fastened to the bones is extremely remote- Some 
correspondence however must exist, or the bow strings and 
bow arms could not work in harmony with the human 
strings and arms- 

The bow strings and nocks besides forming attachments to 
connect the flexible and rigid components of the bbw, form 
devices to correspond to those formed by the fingers and 
strings of slings to connect the sling to the Dody. Often, in 
order that the bow can be unstrung when not in use, only one 
string end is fastened to a bow nock. The other is lightly 
attached, sometimes by a half-hitch or other similar type of 
knot, which can be easily and quickly made and undone. 
Clearly the devices formed by the bow nock and the lightly 
attached string end correspond to those formed by the fore- 
finger and string end when a simple sling is held, and those 
formed by the other bow nock and the permanently fastened 
string end correspond to those formed by the other fingers 
and other string end when the sling is held. 

The string ends of a sling make grooves in the skin and 
flesh of the fingers in which to lie. Mechanical forms of 
these grooves can be seen in the grooves often cut in bow 
nocks to help to hold the strings; and it is clear the human 
grooves automatically made by the ends of slings and those 
made in bow nocks have much the same purpose. The human 
grooves, however, vary in forms to adjust themselves to the 
tensions of the strings at any moment. Thus, for example, 
the grooves become deeper and better defined as the sling is 
bdng whirled and the tension of the strings increased The 
tensions exerted by bow nocks on string ends vary as the 
arrow is being drawn and set free; but the shapes of the 
mechanical grooves in the nocks cannot vary as the shapes 
of the human grooves in the hands of the slinger can do. 

The string ends of bow strings form devices comidement- 
ary to those formed in the bow nocks, for they fit into the 
bow nocks. The maker, of course, tries to make the shapes 
of the bow nock grooves complramentary to those the st ring 
ends will have when fitted to the bow nocks. 



THE BOW 


331 


A bow nock holds the strings much as the hand holds the 
ends of a sling; and is a modified reproduction of the device 
or contrivance formed when a hand holds string ends, say of 
a sling. But the bow nocks are not near the hands of the 
archer, because they are in transferred positions. The lower 
bow nock is transferred simply from the left hand which 
holds the handle. But it is not easy to see how the upper 
bow nock has been transferred- But it is at the end of the 
upper string opposite the right hand, and perhaps has been 
transferred along it 

The bow strings are in the same plane as the bow arms- 
This plane is approximately in the plane of the wielding 
arms when the bow is held horizontally, but is turned through 
a right angle when it is held vertically. 
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THE BARREL AND BREECH 

T he barrel of the ordinary bow and arrow machine is 
human. It is in two main parts. One part is formed 
by the left hand fingers; the other by the right hand 

fingers. 

The foreshaft of the arrow as it rests on the left hand 

makes a slight indentation or 
groove in which to lie- This 
indentation or groove forms the 
fore part of the barrel. The 
arrow is shot along or just over 
the slight groove or barrel, 
which has the shape of part of 
a cylinder, since the foreshaft 
of the arrow is approximately 
cylindrical and impresses its 
shape on the skin and flesh of 
the fingers- The depth and 
shape of the fore part of the 
barrel depend mainly on the 
weight and shape of the fore- 
shaft, and a heavy arrow will 
make a deeper groove or barrel 
than a lighter arrow. 

A complementary part of the 
barrel is formed by the right hand fingers, or fingers and 
thumb, as they hold the butt of tiie arrow. Because of their 
pressure, the shape of the butt is impressed on the skin and 
flesh where the fingers are in contact with it, and grooves are 
formed and parts of a cylinder are reproduced. 

The barrel is not continuously formed, and the two parts 
of the barrel are separated by the distance between the hands; 
but since the surface of the arrow is continuous from the 
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left hand U) the riglU, parts of the same cylinder are formed 
by the left hand and right hand Angers; and the axis of the 
arrow is also the axis of tlie barrel. 

The distance between the hands varies at different times. 
Bclore the arrow is drawn, the hands are nearly together, 
and the human parts of the barrel are near each other. As 
the arrow is being drawn, it is drawn along the human groove 
-in the left hand fingers until the two parts of the barrel 
become fully separated. 

The fore part of the barrel is formed on the under side of 
the foreshaft, but the back part usually at the sides of the 
butt The way the butt is contained in the barrel, however, 
depends on the style of shooting; and it may be contained 
partly by the thumb and forefinger, by the forefinger and 
middle finger, or in other ways. The way the fore part of the 
barrel is formed depends also on the style of shooting, and 
it may be formed by the thumb or forefinger or by both 
togetlier or by the fork of the thumb or by other parts of the 
fingers. 

It may seem a trivial circumstance that the arrow makes 
a slight indentation as it rests on the left hand fingers and 
that the shape of the butt is impressed at the same time on 
the right hand fingers. But tlie importance of noticing and 
studying those human grooves can be understood when it is 
realized that the barrel of the rifle and shot gun and other 
lire arms has been directly developed from the human barrel 
of the archer, and that intermediate forms between the 
barrels of the bow and arrow machine and gun machine can 
easily be discovered. 

The study of apparently trivial circumstances forms the 
basis of all sciences, and Imowledge can increase only when 
we are willing to notice and try to see the significances of 
circumstances which seem almost unworthy of notice. Thus, 
the science of electricity came into being because it was 
noticed that amber and certain other substances when 
rubbed can attract bits of other substances, a fact that 
seemed so trivial and useless to study that for centuries those 
who did study this and similar facts were ridiculed, those 
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ridiculing them asking what good could come of wasting 
time in such childish studies* Today, civilized man is almost 
dependent on the results of the discoveries made by tliose 
ridiculed pioneers- James Watt wondered why the lid of a 
kettle rose when the water boiled, and studied this appar- 
ently trivial occurrence, and as a result the powers of steam 
were harnessed to man’s use- We venture to predict that, in 
a time not very distant, as a result of studying the way an 
ariow lies on the hand, the way a club or spear is held, and 
other similar apparently triviad matters, the theories and 
practices of medicine, surgery, anatomy, biology, physiology, 
psychology, and other similar branches of science. wiU be 
revolutionized and great new powers obtained by man, and 
that the effects of the study on philosophy and theology will 
be profound. 

The left hand and fingers besides forming a barrel for the 
arrow’s foreshaft to rest in form a barrel to hold and contain 
the handle; and the handle is held in the barrel or hollow of 
the hand in much the same way as a club handle or sword 
hilt is held. 

The bow handle is approximately cylindrical, and as the 
hand and fingers grasp it they automatically and necessarily 
take its shape, and parts of a cylinder are reproduced on the 
insides of the hand and fingers where they are in contact 
with it. If the handle could be removed without altering the 
shape of the hand, it would be seen that the form of a cylin- 
der had been impressed on the inside of the human barrel. 
This cylinder would not be quite smooth and even, because 
the creases on the fingers and pahn and the grooves between 
the fingers would prevent the skin taking an exact cylindrical 
shape. The barrel would be seen to be rifled, the rifling 
being formed, as has been explained, by the three grooves 
between the fingers and the three sets of creases at the in- 
sides of the finger joints. The part of the barrel which en- 
closes the handle is human and little can be learnt about it 
by direct observation. 

Two barrels are therefore formed by the archer’s left hand, 
one being formed to hold and enclose the bow handle and 
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the other to hold and support the foreshaft of the arrow- 
These two barrels, it will be noticed, are always at right 
angles to each other. Thus, for example, when the arrow is 
pointed horizontally, the axis of the bow handle is vertical; 
and as elevation is increased the directions of the axes of 
the arrow and bow handle are changed by the same amounts, 
so that they always remain at right angles. Hence the 
directions of the axes of the human barrel for the bow 
handle and of the human barrel for the foreshaft must also 
always be at right angles to each other, since the axes of the 
barrels coincide with the axes of the bow handle and arrow’s 
foreshaft. The two barrels are therefore closely related in 
directions, for one is always at right angles to the other. The 
barrel for the foreshaft of the arrow is indeed an extension 
of the main barrel or hollow of the left hand which encloses 
the bow handle, turned through a right angle. 

It will be remembered that the billiard player forms two 
barrels with his left hand- One barrel is formed by the 
hollow of the hand as it rests on the table, but this barrel 
does not enclose the cue- The other barrel, which is at right 
angles to the hollow or main barrel of the hand, holds and 
supports the fore part of the cue. In the bow and arrow 
machine, both components of the fore part of the barrel hold 
and support objects, for the hollow of the hand holds the 
bow handle, and the extension at right angles to it holds and 
supports the foreshaft of the arrow- 

The way one part of the offensive machine can be given 
an extension, and that part then be turned throu^ a right 
angle is thus well illustrated by the barrel devices formed 
by the archer’s left hand; for the hollow of the left hand is 
given a human extension by means of the slight indentation 
made by the foreshaft of the arrow in the fingers, and this 
human extension is exactly at right an^es to the main part 
of the barrel from which it has been derived. In the bow 
and arrow machine, it can be said the barrel of the left hand 
is split up into two components, one of which is turned 
through a right angle compared with the other. 

Both components of the barrel of the left hand of the 
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archer may be human; but ways in which the components 
have gradually become mechanized so that eventually the 
gun barrel has been developed can be seen by studying 
various types of the bow and arrow machine. 

If the foreshaft rests against the handle, the fore part of 
the barrel is partly mechanized, for the foreshaft is then sup- 
ported and guided not only by the left hand fingers but also 
by the wood of the handle. When an archer stands to shoot 
and holds the bow horizontally and the foreshaft rests on the 
handle and is shot along or just over it, the barrel is also 
slightly mechanized, the barrel for the foreshaft being formed 
then by the wood of the handle and by the fingers placed 
against the foreshaft to hold and guide it. 

The barrel is partly human and partly artificial when the 
archer lies down to shoot and places his feet on the handle 
and draws the strings with both hands. The arrow rests on 
the handle, and the barrel for the foreshaft is then formed 
by the wood of the handle, and by the insides of the feet 
placed against the foreshaft to hold and guide it A comple- 
mentary and human part of the barrel is formed, to hold and 
guide die butt, by the fingers of both hands as they hold the 
strings and press against the butt. 

The Temiang bow of Sumatra is held horizontally, and the 
arrow is shot through a hole in its handle. ‘ The Temiang 
archer’s barrel is therefore more mechanized than the ordi- 
nary archer’s barrel, for the wood of the barrel surrounds 
the missile. The barrel is not fully mechanized, of course, 
because the left hand must hold the handle and form a barrel 
for the handle, that is, must form the vertical component of 
the fore part of the barrel, and the barrel for the handle 
helps to guide and control the missile. A complementary 
part of the barrel is also! formed at the butt, but fiiis part is 
not mechanized, and is formed only by the archer’s right 
hand fingers. 

The part of the barrel which encloses the handle is partly 
mechanized when the handle is wrapped with binding made 

I E, S. Morse, Bulletin of the Essex (U.S.A.) Institute, Vol. XVII. 
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of skin or other material; because the binding forms a lining 
for the barrel of the left hand and takes the form of a cylin- 
der to enclose and hold the handle. The vertical component 
of the fore part of the barrel is then partly human and partly 
artificial- 

The slight horizontal indentation or groove made by the 
foreshaft of the arrow resting on the left hand fingers is 
found as a mechanical contrivance when the Mongolian or 
Turkish bow and arrow is being wielded. The Turkish 
arrow, of the light type used for flight shooting, does not 
rest directly on the hand which holds the bow, but rests in a 
shallow hom groove,® about six inches long, secured 'to the 




(i) Horn groove and strap, Pitt Rivets Mtiseum 

(ii) Arrow in horn groove 

hand by a cord or strap, Figure 36 ({> It serves much the 
same purpose for the Turkish archer as the human groove 
serves for the oirdinaty archer. When the bow is being 
drawn the arrow is drawn back along the groove in a similar 
manner to that in which the arrow is drawn back along the 
human groove. The groove in the flesh is replaced by the 
mechanical contrivance of the horn groove, which acts as a 
rudimentary mechanical barrel for the foreshaft of the 
arrow. The direction of the hom groove is the same as that 
of the human groove, and lies similarly in the direction of the 
arrow. 

Certain advantages are gained by replacing the flesh 
-groove by a mechanical device. The mechanical device can 

aG. A Hansard, The Book of Archery,' 

E. S. Morse, Bulletin of the Essex Institute, Vol. XVII, 1885; 

Sir Ralph Payne-Gallwey, BL, The Crossbow, 
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be made deeper and wider and longer than the human one. 
Its surface can be polished so that there may be httlc 
friction as the arrow is drawn and shot along it. Its use 
prevents any danger of hurting the skin of the archer as the 
arrow is being drawn and shot- When a horn groove is used, 
the foreshaft when the arrow is drawn need not reach to the 
handle, and shorter and lighter arrows, suitable for flight 
shooting, or distance shootmg, can be used; and shots of 
more than 800 yards can be made- ^ The range of the long 
bow arrow, over a flesh groove, is not more than about 300 
yards. ■* These and other advantages, however, are accom- 
panied by disadvantages, one being that the mechanical 
device requires to be manufactured and to be fitted to the 
hand and its method of use learnt. The mechanical device 
is therefore not so convenient as the human device. 

It is important to notice that when the horn groove is 
used, the left hand is not entirely replaced as a guide for the 
arrow, nor released from its task of helping to form the 
barrel, for the hand must form a support for the mechanical 
device and control it. The horn groove and the hand to- 
gether form a single contrivance to support and guide tlie 
foreshaft. This contrivance is in two main parts. A mech- 
anical or artificial part is formed by the horn groove, and a 
human part is formed by the hand which holds it. The 
mechanical and human parts of the contrivance are comple- 
mentary. for neither by itself is sufficient as a guide, and the 
horn groove cannot act as a rest for the arrow unless sup- 
ported by the hand, and the hand cannot form a barrel for 
the foreshaft of a flight arrow if it is drawn back well past 
the handle. Also, the left hand must still form the vertical 
component of the fore part of the barrel, to hold the handle. 

A rudimentary mechanical barrel is sometimes formed by 
a grooved board held by the left hand with the bow held 
horizontally. This type of baitel is used by a Siamese 
archer when shooting poisoned arrows. ^ The grooved board 

3 Sir Ralph Payne-Gallwey, Bt., The Crosshow, 

iJSomiman Museum Handbook, War and the Chase. 

sE. S. Morse, Bulletin of the Essex Institute, Vol, XVn, 1885. 
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in which the arrow runs would seem to be somewhat similar 
in principle to the Turkish archer’s horn groove. 

An elementary type of mechanical barrel, which partly 
replaced the flesh groove as a barrel was formed by the metal 
groove of an ancient Egyptian archer. The Egyptian archer 
sometimes wore a metal groove on his foreknuckle, in which 
the arrow rested when drawn and ran while being drawn and 
shot. ® The metal groove was somewhat similar to the horn 
groove of the Turkish archer, and, like the horn groove, was 
a crude mechanical reproduction and extension of the flesh 
groove. 

When the Mongolian. Siamese, and Egyptian sipers, or 
grooves, are used the barrel is formed chiefly on the under 
side of the arrow, but also to some degree at the sides- The 
Korean archer however uses a very long siper which almost 
surrounds the arrow, only its top ridge showing. The 
Korean siper is 29 inches long, and consists of a light bamboo 
cane of just sufficient diameter to enclose the arrow without 
gripping it. ? It has a piece of string attached to its end witli 
a loop which is held by a finger of the right hand. The arrow 
is laid in the siper; and the siper and arrow are shot to- 
gether, but since the siper is fastened to the finger of the 
tfight hand of the archer it does not go far, and the arrow 
soon leaves the siper and shoots out from the barrel thus 
formed by the siper, the siper of course remaining near the 
bow and attached to the finger of the archer. 

The mechanical part of the barrel of the Korean archer 
who uses a siper is therefore almost fully formed, for it 
nearly surrounds the arrow. Since the siper and arrow move 
forward together for a short distance, the barrel is shot with 
the missile. But the feature of a missile moving through a 
barrel is reproduced as soon as the string attached to the 
right hand becomes taut A siper of this type to form a 
barrel was used also by the Arabs who called it a Majra, 

The length of the barrel formed in the skin and flesh of the 

<> Sir J, Gardner Wilkinson, D.CL., F.R.S., F.R,G.S,, The Manners 
and Customs of the Ancient Egyptians, 

1 Manchester University Museum Guide Book. 
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archer’s left hand for the foreshaft to rest in depends partly 
on the manner of holding the bow and partly on the wciglit 
of the arrow. A heavy anow will make a longer baitcl for 
its foreshaft than a lighter one. If the arrow rests on the 
forefinger and thumb, the barrel will not be continuously 
formed; and the front part, formed by the forefinger wiU be 
separated by a small distance from the part formed by the 
thumb. The length of the foreshaft’s barrel measured from 
the front part of the forefinger to the back part of the thumb, 
may be a few inches, but wiU not be as long as the wooden 
or metal or horn groove. 

Some foreshaft barrels are shorter than the barrel formed 
by the flesh groove, even when the flesh groove is formed 
only by the forefinger or by the thumb alone. The mechani- 
cal part of the barrel for the foreshaft formed by the handle 
when an archer shoots lying down is shorter than the flesh 
groove; because, if the handle is of circular section, the 
lower edge of the cylinder formed by the foreshaft rests on 
the circumference of the handle and is tangential to it. and 
touches it merely at a point. The length of the barrel of the 
Teimang bow depends on the shape of the hole. It is longer 
than that formed by the handle of a bow when the archer 
shoots lying down, but may be shorter than the part of a 
barrel formed by a flesh groove- 
The breech chamber of the ordinary bow and arrow 
machine is formed by the right palm, which makes a pouch 
as a contmuation of the parts of the barrel at the butt. The 
breech is not mechanized. The chamber cone, or part which 
connects the barrel and breech, is formed by the devices 
which connect the fingers and palm. 

The inner surface of the breech is formed by the palm. 
The breech is extremely complex and possesses many parts 
and devices. A few can be observed, in a genexad way. 
Prominent creases can be seen on the palm as the hand 
closes to form the pouch. The interior of the breech is 
covered with a multitude of fine lines. The material of the 
interior is of skin. The exterior of the breech has many of 
the features of the back part of a fist. And so on. 
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The relationships between the barrel and breech of the 
bow and arrow machine and the barrel and breech of the 
club or thrusting spear machine can be illustrated in a simple 
way by continumg the experiment described in the chapter 
on the spear. It will be remembered that the two pencils 
placed in the fists revealed that the bare fists have barrels 
and showed the directions of their axes. When the pencils 
were brought into the same straight line and were replaced 
by a cane, the ways in which the two parts of the barrel for 
the fists are related to the two parts of the barrel for a thrust- 
ing spear were revealed. To obtain the barrel of the bow 
and arrow machine, now hold the cane firmly with the left 
fist, and slide the right hand back until the butt of the cane 
is cleat of the palm and is hdd only between the forefinger 
and thumb. The butt of the cane will then be held by the 
ri^t hand as it is held sometimes by an archer. The fore 
part of the cane must now be withdrawn from the barrel of 
the left fist which must be turned through a right angle and 
be brought back to the position it had when the attitude of 
the wielder of the fists was first adopted- The left fist is 
then placed as if holding the handle of a bow. The fore part 
of the cane can then be rested on top of the fist; and the 
attitude of the archer will be fully obtained. The back part 
of the archer’s barrel formed by the thumb and forefinger, 
and the breech formed by the palm can now easily be seen: 
and it can be seen also that the fore part of the barrel has 
a vertical component formed by the hollow of the left fist 
which encloses the handle of the bow, and a horizontal com- 
ponent supplied by the groove made by the foreshaft as it 
rests on the top of the fist. 

If the cane is returned to its original position in the hands, 
it can be seen how the back part of the barrel for a spear 
shaft is now formed nearer the middle of the shaft and lies 
on or partly around it. A breech as well as a barrel, it is 
clear, is therefore formed by the hand as it grasps a club, 
sword, spear, or similar type of weapon. 

The breech of the peUet bow machine is formed by the 
leather pouch and the pouch of the right hand. The 
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mechanical part oi the breech goes forward with the missile 
and releases it when .the strings come into a straight line; but 
the human part does not go forward- The barrel is formed 
by the sides of the leather pouch and the right hand fingers 
pressing on the sides, much as in the simple sling machine. 
A fore part of the barrel is formed by the left hand- The 
left hand forms a batirel for the handle, but the barrel has 
no horizontal component, for no horizontal groove is made 
in the fingers as is made by the foreshaft of an arrow. The 
pellet, however, is shot just over the fingers, as an archer’s 
arrow is shot over the fingers. When the strings are released, 
the mechanical parts of the breech and back part of the barrel 
go forward with the missile, and release it when the strings 
come into a straight line. The missile is therefore released 
from the mechanical part of the breech at the end of the 
throwing movements; but from the human part at the begin- 
ning of the throwing movements. The arrow leaves its human 
breech and back part of the barrel when the strings arc set 
free, but neither the breech nor back part of the barrel goes 
forward with the missile. Separation of breech from butt of 
the arrow therefore occurs immediately on release of the 
strings: but separation of the mechanical part of the breech 
of the pellet bow and the pellet occurs only after the throw- 
ing movements have been completed, i.e.. after the strings 
have come into a straight line- The release actions of the 
mechanical parts of the breech and barrel of the pellet bow 
from its missile have therefore been transferred from the 
beginning to the end of the throwing movements (Rule 9). 

The ordinary bow and arrow machine has a simple type of 
extensible barrel. Just before the arrow is drawn, the back 
part of the barrel which is formed by the flesh grooves in the 
right hand fingers is close to the fore part which is formed by 
the flesh groove in the left hand fingers; and the length of 
the barrel, measured from the front of the groove in the left 
hand fingers to the place where the right hand fingers leave 
the butt, is at a minimum. As the arrow is drawn, the two 
parts of the barrel separate, and the distance between them is 
at a maximum when the arrow is fully drawn. The length of 
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the band ib then about equal to the draw of the bow. The 
distance between the hands does not change as the arrow 
goes forward, and the length of the barrel therefore does not 
vary during the forward movement of the arrow. 

When the archer lies down to shoot and draws the strings 
with both hands and pushes with his feet against the bow 
handle, the length of the baitel at any moment is the dis- 
tance between his hands which form the back part of the 
barrel and his feet which form the front part This is at 
a minimum before he begins to draw the strings, and at a 
maximum when they are fully drawn. 

The Mongolian horn groove projects a small distance 
beyond the bow handle, and the length of the barrel is the 
distance between the front of the horn groove and the right 
hand lingers. The horn groove gives the barrel a small 
mechanical extension in length. As in the ordinary bow 
machine, the length of the barrel varies, and is at a minimum 
just before drawing the strings, and at a maximum when they 
are fully drawn. The Mongolian bow and arrow machine 
therefore also has an extensible barrel. The bow and arrow 
machine may be said to have a telescopic type of barrel, for 
the barrel increases in length as the distance between the 
hands is increased, in much the same way as a telescope 
increases in length as the distance between the hands is in- 
creased. 

The barrel of the pellet bow machine is extensible. Its 
fore part is formed by the left fist placed round the handle; 
but as has been said, unlike the ordinary bow and arrow 
machine the pellet bow machine has no horizontal compon- 
ent of the fore part of the barrel, for no groove is made in 
the fingers for the pellet to move along or over. The back 
part of the barrel is formed, it has been explained, when the 
strings are being drawn partly by the sides of the pouch and 
partly by the right hand fingers pressing on the sides of the 
pouch. Just before the strings are drawn, the fore part and 
the back part of the barrel are close together. As they are 
being drawn the back part separates from the fore part until 
the distance between the parts is at a maximum when the 
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strings are fully drawn. On release, the mechanical parts of 
the back part of the barrel, that is the sides of the pouch, 
move forwards but their human counterparts do not move 
forwards. Therefore during the forward movement of the 
pellet, the distance between the right hand and left hand 
fingers does not change, but the distance between the sides 
of the pouch and the left hand fingers decreases from a 
maximum to a minimum. 



Chapter 30 


THE ARROW AND QUIVER 


T he chief parts of an arrow are the head, the barb, the 
foreshaft, the shaft, the nock, and the feathers. Figure 
37. These parts cannot always be distinguished, and 
some of them are not always present. An arrow may not have 
feathers. Its head may not be barbed. The nock may not 
be well formed. The foreshaft and shaft may be in one 
piece. And so on. 

The arrow shown in Figure 35 lies alongside the archer’s 
left arm. with its fore part lying alongside the forearm and 
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Fro. 37. PARTS OF AN ARROW 
B, barb; F, foreshaft; H, head; N, nock; R, feathers; S, shaft. 


its rear part alongside the upper arm. Its head and barb lie 
fairly dose to the hand which holds the handle, the feathers 
and nock to the right hand. Therefore it seems the foreshaft 
is related to the left forearm, the shaft to the upper Mt arm. 
the head and barb to certain devices of the left hand, and 
the feathers and nock to certain devices of the right hand. 

The arrow, as a counterpart of the left arm, forms part of 
the aiming machinery, for the left arm and arrow are elevated 
or depressed or moved round the body together as the aim 
is changed. The aiming machinery is only slightly mechan- 
ized by means of the arrow. Most of the machinery is 
human, and little can be learnt about it by direct observation. 
But it can be seen that the arrow and left arm and right fore- 
arm and upper arm lie as nearly as possible in a plane which 
is elevated or depressed as the archer wishes to shoot higher 
or lower, the right elbow being lowered or raised as the left 
hst i$ raised or lowered. This plane is at ri^t angles to the 
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slock of the body and as the elevation is increased or 
decreased the archer leans backwards or forwards corre- 
spondingly to keep the plane of the arms and arrow at right 
angles to the stock. Human parts of the aiming machinery, 
it is fairly evident, are formed by both arms and by the 
stock. 

The left arm forms also a rod or pole device to keep the 
bow handle away from the body; but this device is not 
mechanized, for the arrow does not help to keep the bow 
handle away from the body. It probably forms other de- 
vices. but they are not mechanized and therefore are difficult 
to discover- 

The arrow also serves as a mechanical extension for the 
right arm. This is shown because before the bow is drawn 
it is in the same line as the right arm; and as the bow is 
drawn the right arm and arrow arc drawn back together 
and to corresponding distances. The blow or thrust is 
delivered directly by the arrow, but primarily and indirectly 
by the right arm and fist or fingers of the archer. The 
human components of the hitting arm do not go forward to 
deliver the blow or thrust, and this action is performed 
only by the mechanical counterparts. The archer’s right 
hand and arm are relieved of the need for going forward, 
but not of the need for being drawn back preparatory to 
delivering the blow or thrust, and the wielding arm and 
hand and its mechanical extensions must be drawn back 
together. 

When the fist is the weapon, the right arm and fist are 
drawn back preparatory to delivering the blow, and of 
course must go forward to deliver it. When the fist is partly 
mechanized by means of a weapon bound to or held in the 
hand like a caestus or thrusting spear, human and mechani- 
cal counterparts are drawn back together preparatory to 
delivering the blow or thrust and go forward to deliver it. 
When the weapon is a missile, sometimes the right or 
throwing hand and arm go forward part of the way with the 
missUe, Thus when the javelin or shot or hammer is being 
thrown or putted the hand holding the weapon goes forward 
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with the missile until the moment of release- When the bow 
and arrow is being used, however, as has been explained, 
the right hand and arm do not go forward to deliver the 
blow or thrust. Also, when the gun is being used, the right 
hand of the wielder of the weapon does not go forward to 
deliver the blow or thrust. 

As the arrow goes forward the archer does not immedi- 
ately change his position; and for a few moments after the 
arrow has passed the bow handle his left arm remains 
pointing along the trajectory towards the opponent or 
target, and his right arm and hand remain as if still helping 
the blow or thrust. This is a kind of “follow through” 
action, one well known to athletes and players of missile 
games. 

Arrows vary considerably in length. Thus, for example, 
the Bushman’s arrow, made of four separate parts, is only 
about eighteen inches long, but the arrow used for shooting 
fish in Guiana is sometimes six feet long. The long bow 
arrow was inches in length; and an arrow much longer 
than this cannot be fully drawn by the average archer. 
Indeed Saxon T. Pope says, “It is safe to say that the 
average archer cannot draw more fiian a 29 inch arrow. 
Even the historical clothyard shaft was a Flemish yard, or 
only 27i inches, and was the usual length arrow ... He 
simply cannot draw the string of a powerful bow past his 
cheek. This limit is well within 30 inches.” 

Variations in the lengths of arrows may be due to distor- 
tions; but some long arrows are perhaps mechanical 
extensions of both arms placed end to end, as the shafts of 
most spears and javelins are mechanical extensions of both 
arms. An arrow is indeed a type of spear or javelin; and 
many arrows seem to be diminutive forms of them. Thus, 
an arrow with a leaf-shaped head used by the D6r tribe of 
Africa is very similar in shape to the assagai with leaf-shaped 
head; and another type of D6r arrow with a compli- 
cated barbed head closely resembles the Bechuana assagai 
which has a head of a similar type, and it has been said this 
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D6r arrow “it enlarged would serve admirably as an 
assagai.” ‘ * 

After release, the right hand and fingers point in the 
direction the arrow has been shot; and the head or point 
may therefore be an extension of the hand or one or more 
of the fingers- An arrow with a leaf-shaped head may be a 
distorted mechanical reproduction of the wielding arm with 
outstretched hand and closed fingers. An arrow whose fore 
end is merely pointed is probably a mechanical extension of 
the arm and outstretched finger. 

The barb, it has been explained, is not an offensive but a 
holding device; and on an arrow is similar to and is a crude 
mechanical reproduction of the device formed by a finger 
or the fingers as when placed round a string or cord to hold 
it. Its purpose is not to thrust at but to hold the opponent 
or creature when hit, as is clearly seen when a harpoon 
arrow with line fastened to it hits a creature and the wielder 
then holds it by means of the barb and line. The barb of 
course caimot hold the creature- It is the wielder who holds 
the creature, not directly but indirectly by means of the 
forefinger or fingers device transferred to the opposite end 
of the line to the wielder. The wielder is thus relieved of 
the need for having to be near the creature and of having to 
hold it directly. 

The barb device can be considerably distorted. Distor- 
tion often takes the form of an increase in the number of the 
barbs, and many barbs can be found on the heads of some 
arrows and spears. 

A thrust is given by a pointed arrow; a blow by a blunt 
headed arrow. Blunt headed arrows are occasionally used 
in the chase for knocking over small creatures. A blunt head 
gives a type of blow similar to one given by the fist; and the 
head is evidently a mechanical type of fist transferred from 
the right fist to the opposite end of the arrow’s shaft. The 

I The Rev. J. G. Wood, M.A., F.L.S., etc,, The Natural History of 
Man. 

_ * According to Sir Harry Johnston, " The lance or assagai was 
simply a big arrow.”— George Orenfell and the Congo. 
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bluat head is sometimes as large as a fist, but often very 
much smaller. A small blunt head is perhaps a distorted 
mechanical copy of the fist, but more probably is a mechani- 
cal copy of one of the knuckles, distorted in shape so as not 
to lacerate or cut, but merely to give a dull blow. 

When the foreshaft and shaft are made separately, the 
fastenings joining them correspond to those which join the 
wielder’s forearm and upper arm. This is made evident 
because when the arrow is drawn the mechanical fastenings 
are usually close to the elbow of the left arm of the archer- 
The fastenings which join the head to the arrow correspond to 
the human fastenings which join the fist or hand to the arm. 

Several devices are formed by the nock. The butt ends of 
some arrows are flat; but sometimes the nock is well deve- 
loped and consists of two parts like fingers, which open and 
close to receive the strings and open to release them. 
Turkish horsemen use arrows with very well developed 
nocks, so that they can leave them on the bow strings ready 
for drawing at any moment. When the nock is very well 
developed and its ^gers close round the strings, the archer’s 
fingers are relieved of the task of directly holding the butt 
to the strings, and of releasing the butt from the strings; and 
it is evident that the nocks are mechanical devices which 
copy those formed by an archer’s fingers to hold the butt to 
the strings and to release them from the strings- The mech- 
anical devices are close to the archer’s right hand fingersi 
and are transferred immediately from the human devices to 
the butt of the arrow (Rule 7). 

When effecting release of a missile, as has been said, the 
fingers relax and straighten. A well developed nock per- 
forms the action of straightening its fingers as it disengages it- 
self from the strings, but instead of relaxing its fingers makes 
them more taut, thus reversing the relaxing actions of the 
human fingers (Rule 11)- The nocks are slightly elastic, and 
as the arrow goes beyond the strings, the strings force open 
the mechanical fingers, which straighten slightly as they 
open. As they open they become more taut. 

The archer’s right hand fingers let go of the strings at the 
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moment of release; but the fingers of the nock let go only 
after the strings have come into a straight luie; and the 
mechanical actions are therefore transferred from the begin- 
ning to the end of the throwing movements (Rule 9). 

When, the nock is not well developed, the right hand 
fingers must hold the butt end of the arrow to the strings, 
but they are nearly released from this task when the nock is 
well developed; and it seems the human fingers are released 
Ironi the task of directly forming the nock device to the 
degree proportionate to the degree of development of the 
mechanical fingers of the nock. 

Many arrows are feathered. The feathering device may 
be made from bird’s feathers, leaves, leather, or other 
materials; and arrows shot from crossbows or guns may have 
feathers made of wood or metal. There are usually three 
feathers, but a few types of arrows have only two feathers. 
Some used in Guiana, for example, have only two feathers, f 
The feathers help to keep the arrow true in flight, and if 
they are placed spirally on the shaft give the arrow a spin- 
ning motion as it flies. 

The rifling on a gun serves much the same purpose as the 
feathering on an arrow in helping to spin the missile about 
its axis. The rifling device on an arrow is on the surface of 
the missile, but that on a gun has been transferred from tlic 
missile to the interior surface of the barrel. It was not dis- 
covered for many years that the rifling on the gun’s missile 
could be transferred to the barrel, and one of the earliest and 
perhaps the earliest illustration of a cannon shows the rifling 
device on the missile, the missile being a type of arrow> and 
the rifling device closely resembles the festering device of 
an arrow- The “ feathers ” are probably of wood or metal- 
WindagOi or loss of gas, is prevented by padding the butt of 
the arrow. Figure 62. 

The feathering of an arrow is a crude mechanical 

t According to Saxon T. Pope, the popular impression that an 
airow conamonly has two feathers is caused through artists finding it 
easier to depict two feathers instead of three.— -.4 Study of Bows and 
Arrows, 
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reproduction of the rifling device formed by the lingers as 
they hold the shaft of a weapon. This could be made fairly 
evident by some simple experiments. Thus, if pieces of paper 
were placed between the fingers as they grasp the shaft of a 
spear or other similar type of weapon, the pieces of paper 
would have some remote resemblances to the feathers of an 
arrow and the number of the pieces would be the same as 
the number of feathers usually provided for an arrow. Or. 
it the shaft were covered with some soft substance like gum 
or clay or putty, the substance would be forced up between 
the fingers as the hand grasped the shaft, and three promin- 
ent vanes would be formed and might remain on the shaft 
after the hand was removed and would have some resem- 
blances to the feathers of an arrow. 

The fingers are chequered with a multitude of lines and 
markings. Some of these human markings have been studied, 
and are often recorded by the police as “finger prints.” 
Lines or markings are also formed on the feathers of birds, 
and It might be said the “ finger prints ” of birds are on their 
feathers. A line is made between each two barbs of a 
feather, and each line is approximately parallel to the next, 
the lines however not being straight but curved. The chequer- 
ings on a feather are more regular than those on the human 
fingers, but the chequerings on feathers can act fairly weU 
as mechtmical extensions of those of an archer’s fingers- 

Few of the purposes of the human chequerings of the 
fingers are known. One purpose is to allow the fingers to 
obtain a good grip of any object being held, in much the 
same way as the markings or treads on the rubber tyre of a 
vehicle, which are types of chequerings. allow it to obtain a 
good grip of the road. A purpose of the lines on a flight 
feather is to allow the feather to obtain a good grip of the 
air, and the chequerings are so directed as to allow the air to 
slip past without dragging on the feather and impeding its 
progress through the air- 

The human chequerings on an archer’s fingers are thus 
easily given mechanical extensions by using the chequering 
on a flight feather. Often the offensive machine is extended 
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artificially by using a corresponding part of an animal or 
plant. For example, the maker of a boxing glove uses tlie 
skin of an animal to give the skin of the boxer’s fist an arti- 
ficial extension- The animaTs skin reproduces many of the 
characteristics of the skin of the boxer’s hand without any 
effort, or even understanding, on the maker’s part. The skin 
of the glove has pores, much of the flexibility of the human 
skin, resembles it somewhat in colour, has somewhat similar 
powers of conducting or retaining heat, and so on. Similarly, 
by the use of skin or leather for the sleeve of a caestus, many 
of the devices of the skin of the atm can easily be given 
artificial extensions. By the use of sinews for the strings of 
bows, many of the characteristics and properties of the 
sinews of the wielder’s arms can be conveniently reproduced. 
Bow arras are frequently made from the branch of a tree, 
which is a limb of the tree, and the bow arms automatically 
therefore have certain essential characteristics and properties 
of the human arms. 

A study of clothes would show that people very often and 
indeed usually give the clothing machinery of the body 
mechanical extensions by the simple expedient of using parts 
of the clothing machinery of creatures. Thus, the skin of 
the human body can be easily given a mechanical extension 
in the form of an additional thickness by the use of a skin 
of an animal. The hair producing machinery of the human 
body is nearly atrophied, but it can be given crude extensions, 
by covering the body with wool, hair, fur, feathers, or other 
products of the clothing machinery of creatures. A study of 
clothes caimot be made in this work, but could be made by 
using the methods of this work, and a new understanding 
both of clothes and of the clothing machinery of the body 
could then be obtained. 

All the machines of the body can be studied easily by 
means of the human prototype theory, for all mechanical 
devices, contrivances, apparatuses, instruments, tools, mach- 
ines. and objects, are merely artificial extensions of parts of 
machines of the body. The vision machinery of the body 
vean be studied by examining lenses, spectacles, tdescopes, 
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binoculars, theodolites, television apparatuses, wind screen 
wipers, and all other devices and instruments and machines 
that have been made as mechanical extensions of the vision 
machinery, each mechanical part and device of course being 
studied with reference to its human counterpart; the hearing 
machinery by examining ear trumpets, telephones, wireless 
sets, etc.; the vocal machinery by examining trumpets, 
clarionets, bassoons, violins, pianos, organs, etc.; the tele- 
pathic machinery by examining telegraphic, telephonic, 
broadcasting instruments, etc.; the locomotive machinery by 
examining boots, shoes, sandals, stilts, wheels, carts, bicycles, 
motor cars, tractors, etc.; and so on for other machines like 
the scent, feeling, speech, and memory machines. Of course, 
in each case, the instrument and the human machinery must 
be studied with reference to each other, otherwise little or 
nothing can be learnt either about the instrument or the 
human machinery- The reproductive machinery of the body, 
it will be shown later, is identical with the offensive mach- 
inery, and a study of the offensive machinery will also give 
knowledge of the reproductive machinery. 

Different degrees of mechanization of the magazine of the 
bow and arrow machine can be seen in different types of 
offensive machines. The magazine is formed by the parts of 
the machines which provide for the hitting or testing 
actions to be repeated. In many types of the madrine, the 
repeating actions are performed wholly by human actions, 
and the magazine is wholly human. Thus when there is no 
quiver or similar contrivance the magazine is human; and 
human actions are needed to obtain another arrow or pellet 
and to place it in its barrel and breech ready to be thrown. 

The slinger sometimes carries spare missiles in a bag or 
net, which may be slung ovct his shoulder or carried at his 
side, or carries them in the folds of his dress. Figure 31. The 
container or chamber for the spare missiles, since it is formed 
by a bag or net or the dress, is an artiffcial or mechanical 
and not a human contrivance, and the magazine is slighdy 
mechanized by the container. 

The quiver of the archer contains the spare arrows in much 

23 
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the same way as the magazine of a riSie contains spare cart- 
ridges; but the arrows must be taken from the quiver and be 
fitted to the strings by human actions, and the magazine is 
not much mechanized by means of the quiver. 

The quiver, or magazine chamber, is formed by the left 
hand and handle of the bow when the archer holds spare 
arrows in his hand against the bow handle. The magazine 
chamber formed by the hand placed against the handle to 
enclose the spare arrows is sli^tly mechanized, because the 
handle forms part of the chamber. As the chamber is slightly 
mechanized, a few things about it can be noticed in a general 
way, but their significances can be understood, at this stage, 
only with difficulty. We can notice, for example, that the 
arrows lie in the chamber pointing upwards in the direction 
of the handle: that they lie alongside each other; that skilful 
manipulations of the left hand and fingers place each arrow 
in turn ready to be taken by the right hand for transference 
into the breech and barrel; that the arrow during the process 
of transference is turned through a right angle, from a verti- 
cal to a horizontal position; that the arrow is transferred 
from the left hand to the right, i-e., from one end of the 
wielding arms to the other; that the arrows when held against 
the handle are already in the vertical part of the rifled barrel, 
which it has been explained is formed by the left hand as it 
holds and encloses the handle, and that therefore they are 
merely transferred in succession from the vertical component 
to the horizontal component of the barrel; that the arrows 
lie alongside the bow arms, as nearly as possible, thus 
emphasizing the fact that they, like the bow arras, are mech- 
anical extensions of the wielding arms; that until transferred 
the arrows lie alongside the mechanical bow arms instead of 
lying along the left wielding arm and forming an extension 
for the right arm. The reader will doubtless see other inter- 
esting points which have escaped the notice of the author; 
and will probably see that the mechanisms and actions of the 
mechanical pacts of a rifle magazine merely copy in a crude 
manner some of the human mechanisms and acdons of the 
archer. 
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The archer shown in Figure 35 has placed two spare 
arrows under his foot so that they will be more readily 
available than if in the quiver. As he is carrying a quiver, it 
is clear the magazine chamber is only partly transferred to a 
place under his foot. We can notice the two arrows have 
been transferred into a horizontal position, and that they 
now point in the aiming direction. Since parts of the offen- 
sive machine can be transferred only from one end of a part 
of the machine to another, the figure seems designed to 
demonstrate that the quiver and the two arrows are at 
opposite ends of some part of the machine. This part may 
be formed by the left leg, which it will be shown later, forms 
the butt or part of the butt of the machine. As a result of 
transferring part of the magazine chamber from the quiver 
to a place under his foot, the repeating actions will be some- 
what modified, for instead of the tight hand going to the 
quiver it must go down to the foot; but the actions remain 
the same in principle. 



Chapter 31 


THE LOCK AND POWER 

T he trigger, trigger spring, and other parts of the lock 
of the ordinary bow and arrow machine are human, 
and formed by the right hand and fingers. But the 
trigger of the Turkish or Mongolian bow and arrow machine 
is partly mechanized, and this machine therefore has a partly 
mechanized lock. 

The strings of the ordinary bow are held in the drawn 
position by a catch device formed by the right hand fingers. 
The fingers curl partly round the strings to form the device, 
and the type of device depends on the style of shooting. It 
imay be formed by the forefinger, thumb, first two fingers, 
first three fingers, the four fingers, or in other ways. Describ- 
ing different ways of holding the strings. E. 4>. Morse says. 
“ In the English method the string is drawn with the tips of 
the first three fingers, the arrow being lightly held between 
the first and second fingers, the release being effected by 
simply straightening the fingers and at the same lime draw- 
ing the hand back from the string; in the Japanese method 
of release the string is drawn back by the bent thumb, the 
forefinger aiding in holding the thumb down on the siring, 
the arrow being held in the crotch at the junction of the 
thumb and finger.” ' Strutt, quoting Ascham, says the 
archer “should hold the bow by the middle, with his left 
arm stretched out, and with the three first fingers and the 
thumb of the right hand upon the lower part of the arrow 
affixed to the string of the bow . . . the notch, or nock, of the 
arrow should rest between the fore-finger and the middle 
finger of the right hand ... in ancient times, the right hand 
was brought to the right pap; but at present it is elevated to 
the right ear . , ■ The shaft of the arrow below the feathers, 
ought to be rested upon the knuckle of the fore-finger of the 

i Bulletin of The Essex Institute, Vol. XVII, 1885. 
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left hand.” ^ The nock o£ the arrow is probably a part of the 
catch device, since it helps to hold the strings in the drawn 
position; and if this is so the catch or holding device of the 
ordinary bow machine is not wholly human and the lock is 
slightly mechanized. 

Release of the strings is effected by straightening and 
relaxing the right hand fingers, thus setting free the catch 
device. The lock of the bow and arrow machine is however 
human, or nearly human, and it is therefore difficult to know 
much about it except in a general way. 

The lock of the Mongolian bow and arrow machine is 
partly mechanized by means of the sefin. Figure 38- The 
Mongolian archer often wears a sefin, or ring for the thumb, 
to draw, hold, and release the strings of his bow. 3 It is worn 
on the right thumb, and may be of agate, corneliam green 
marble, ivory, horn, or iron, or other common or precious 
material, the material depending sometimes on 
the rank of the wearer. It has a wide lip behind 
which the bow strings can be caught and drawn. 
The strings are drawn directly by the sefin, but 
indirectly and primarily of course by the thumb; 
and the thumb and sefin together form a con- 
trivance partly human and partly mechanical to 
draw, hold and release the strings, the sefin 
forming a mechanical extension of the human 
part of the contrivance- Release is effected by 
straightening and relaxing the thumb, so that the 
strings slip off the lip of the sefin. According to 
Sir Ralph Payne-GaUwey. the release given by use of a sefin 
is “as quick and clean as the snap of a gunlock when a 
trigger is pulled.” 

The sefin is a mechanical part, and by means of it the 
catch and release mechanisms of the lock are slightly mech- 
anized. The trigger spring, however, is formed entirely by 
human parts and devices, for the sefin has no elasticity, and 
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a Sports and Pastimes. 

3 0. A, Hansard, The Book of Archery; 

Sir Ralph Payne-Gallwey, Bt, The Crossbow; 
E. S. Morse, Essex Bulletin, 
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the muscles and other components of the Uiumb and hand 
must form the powerful spring devices to keep the thumb and 
sefin, bent until release is desired- How this spring is formed 
cannot be known from direct observation of the hand and 
thumb actions of the Mongolian archer, but some things can 
be known about it after a study of the springs of the locks 
of crossbows, shot guns, rifles, machine guns, and other 
weapons. But the lock springs of crossbows and guns are 
only partly mechanized, and the wielder’s hands and fingers 
must form human counterparts of them, as is evident from 
the fact that the wielder by human actions must set the 
spring of the lock of a shot gun or rifle by breaking the 
barrels or by pulling back the bolt Therefore, even after a 
study of the locks of guns, little can be learnt about the 
springs of locks whether human or partly mechanized. 

Release of the strings does not immediately release the 
arrow, for the butt of the arrow does not leave the strings 
until they have come into a straight line at the end of the 
throwing movements. The pellet of the pellet bow similarly 
is also not released from M leather pouch when the fingers 
relax and straighten, but is earned forward by the pouch 
until the strings have come into a straight line, when the 
motion of the pouch is suddenly stopped, and the missile 
becomes separated from it As has been stated, release of 
the arrow or pellet from the fingers is effected at the begin- 
ning of the forward movement, but from the strings or pouch 
at the end; and fhe release action of the arrow or pellet from 
the strings or pouch is transferred to the end of the move- 
ments (Rule 9). When a rifle trigger is pulled, somewhat 
similarly, the bullet is released from the breech, but not from 
the band, and leaves the barrel at the end and not at the 
beginning of the forward movement (Rule 9). 

The power to drive the arrow or pellet forward is directly 
given by the mechanisms of the weapon. The power, before 
release, may be stored in the bow arms and handle, or in the 
bow arms alone, or in the handle alone, or even in the strings 
alone, the storing places depending on the type of bow. If 
the bow arms are made from a sin^e piece of dastic wood. 
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the power is obtained from the bow arms and handle- Thus, 
for example, the power to drive forward the arrow of the 
long bow IS derived from the bow arms and handle. If the 
bow arms and handle are made separately, and the handle 
is stiff and inflexible, the power is derived only from the bow 
arms. Modern bows arc sometimes made in three pieces, 
and the power may be derived only or mainly from the bow 
arms. Occasionally bow arms are stiff and inelastic, and 
the handle is flexible; and the power is then derived from the 
handle only. Thus, for example, the power of the Athapas- 
can bow is derived only from the handle, the bow arms being 
straight and stiff- “i The power, however, may be derived 
only from the strings, as is the case when the toy catapult 
with elastic strings is used, the toy catapult being a type of 
pellet bow. A curious type of weapon is said by Wood to 
be in use in the Pelew islands in the Pacifle, in which the 
elastic power comes from the missile. An elastic spear is 
bent sdmost double, one end being held by the pouch of a 
spear-thrower, the other being held in the hand. On releas- 
ing the hand the spear jumps off the spear-thrower towards 
the target or opponent. The weapon would not seem to be a 
very effective one, but Wood says the natives use it quite 
effeedvdy. 

The power which drives the arrow, although derived 
immediatdy and directly from the bow arms, is primarily 
and indirectly derived from the wielder’s body, As the bow 
is being drawn, power from the body is progressively trans- 
ferred to the bow arms until the bow is fully drawn, when it 
contains a power equal to the power of the archer’s body. 

The power of a bow is found by suspending the handle by 
a hook from a beam and hanging a weight from the middle 
of the bow string, just sufficient to draw the bow fully. 

The power of an ordinary bow is usually between 30 and 
80 lbs.; a bow of 30 lbs. weight being a weak bow, and one 
of 80 lbs- weight requiring a strong archer to draw it. 

The bow arms are, or should be, of just sufficient strength 
to allow the full power of the muscles of the arms and chest 

« Otis T. Mason, AM,, Ph.D., Origins of Invention. 
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of the wielder to be used. If the power of the bow is greater 
than that of the archer, he will not be able to draw it fully; 
if weaker, his full power cannot be used. 

As the bow is being drawn, some of its materials become 
extended and others compressed. Those on the concave side, 
or belly, become compressed, those on the convex side, or 
back, become extended, and some of the materials of the 
sides become extended and others compressed. When the 
materials are extended or compressed, power can be obtained 
by allowing the materials to return to their original states. 
The power contained in the bow arms must be restrained 
until the moment the missile is to be released, and the archer 
until the moment of release must exert a power equal to the 
power contained in the bow arms. 

When the strings are fully drawn, the bow arms are fully 
charged, and on releasing the strings elastic forces from the 
extended and compressed materials are set free to drive the 
missile forward. 

As the power contained in the bow arms at any moment 
is exactly equal to the power exerted by the archer, and as 
they cannot be charged with more power than his body can 
exert, it is likely that the way power is generated and con- 
tained by the bow arms is siinilar to the way it is generated 
and contained by the widder’s body; and that the power 
mechanisms of the weapon are merely extensions of those of 
his body. 

When the bow is fully drawn, the power in the bow arms 
must not be rcstramed for long, for the archer’s arms and 
body quickly become tired. The materials of the bow simi- 
larly may become tired, and may indeed take a permanent 
set towards the drawn position if the power is restrained too 
long. Bows should be unstrung when not in use, and any 
power in them be set free. A strung bow already has a cer- 
tain power charge, given of course by the archer as he strings 
the bow- 

The power to deliver a blow with the fist is obtained by 
separating the hands and expanding the chest Before the 
bow is drawn the hands are nearly together, As it is being 
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drawn and the bow arms are being charged, the hands 
become separated and the chest expands, and when the bow 
is fully drawn the hands are separated and the chest is ex- 
panded as much as possible- 

As the bow is being drawn and charged the bow nocks 
approach each other; but the archer’s hands separate from 
each other. The actions of the nocks, or mechanical counter- 
parts of the hands, are therefore the reverse of those of their 
human counterparts. 

When the release is effected, the muscles and other parts 
of the archer’s body become relaxed. The bow arms and 
strings also become relaxed as the arrow is driven forward. 
The human mechanisms do not directly drive the arrow for- 
ward; and their mechanical counterparts relieve them from 
this task (Rule 5). 

The recoil of the bow and arrow machine is slight. The 
shock is taken first by the bow nocks, then transferred to 
the left hand holding the handle, transferred then along the 
left arm to the body, and then to the legs, then to the soles 
of the feet, and is finally absorbed by the ground. The recoil 
machinery is very slightly mechanized perhaps, because the 
bow arms and handle transmit the shock to the left hand. 
But little can be learnt about recoil mechanisms &om direct 
study of the bow and arrow machine. 

* * m * 

The bow and arrow or pellet bow machine includes the 
club, the spear, and the sling machines, and probably other 
primitive and simple offensive machines; and it can be seen 
there was no break in development when the bow and arrow 
was produced, and that it was developed by a process of 
absorbing or assimilating simpler types of weapons. 

The peUet bow essentially is a combination of the club and 
the sling, and the bow and arrow a combination of the spear 
and sling. The main parts of the shng can be seen in the pellet 
bow as the pouch, missile, strings, bow nocks, and fastenings 
joining the pouch to the strings and strings to the bow nocks- 
The bow nocks, it has been explained, are mechanical repro- 
ductions of the bands. The strings of the slinger are whirled 
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round his hands, use bniiig made of cciilrifiigal force to 
propel the missile. The strings of the pellet bow arc not 
whirled directly round the wielder’s hands, but arc directly 
whirled round the bow nocks, or mechanical extensions of 
the hands, for as the bow is being drawn, the missile and 
pouch move along an arc of a curve round each bow nock- 
This action is made possible, because although the missile 
moves in a straight line, the bow nocks approach each other 
and come more towards the wielder, and relatively to each 
bow nock the missile moves along the arc of a curve. The 
direction of motion of the missile is reversed after release of 
the strings, and it is then whirled with great velocity along 
this arc and round each bow nock, use then being made of 
centrifugal force. The angle through which each bow string 
moves is smaller than that through which the strings of a 
sling are usually moved, but the angle is moved through 
with greater velocity to compensate. A slinger, it may be 
said, does not always whirl his strings through a complete 
revolution or through several revolutions. When he wishes 
to throw several missiles in quick succession he may whirl 
them through only a small an^e. 

The slinger whirls his strings in a vertical plane, or in a 
plane which is inclined to the horizon at the angle of eleva- 
tion. Similarly the archer whirls his strings in a vertical 
plane, or in one inclined to the horizon at the angle of eleva- 
tion. The bow strings are whirled in a vertical plane when 
the bow is held vertically, but in a plane inclined to the 
horizon when the bow is held “ horizontally ". Clearly, the 
archer is a slinger. 

The arrow is a diminutive form of the spear- The spear 
is thrust forward directly by the hands and rigid and flexible 
parts of the wielder’s arms. The arrow is thrust forward 
directly by the bow nocks, bow arms, and bow strings, which 
are mechanical reproductions of the hands, rigid parts of the 
arms and flexible parts of the arms respectively. Primarily 
and indirectly, however, the arrow is thrust forward by the 
human components. The archer is thus also a spearman. 

The main actions of the wielder of a club are fairly well 
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copied by the wielder of a pellet bow or wielder of a bow 
and blunt headed arrow- The essential actions of the wielder 
of a club when a hammer blow is being delivered are the 
raising of the arm and hand preparatory to delivering the 
blow and the lowering of the arm and hand as the blow is 
being delivered by the artificial part of the fist. As the bow 
is being drawn the upper bow nock descends and the upper 
bow arm comes back towards the wielder, as if a blow is 
being directed by the nock at the wielder. As the missile 
is being released these actions of the nock and bow arms are 
reversed The actions of the mechanical hand and arm, com- 
pared with those of the wielder of a club are thus reversed. 
An underhand type of blow seems to be aimed at the wielder 
by the lower bow nock. The actions of the bow nocks and 
arms result in the pellet or blunt head of the arrow going 
towards the opponent or target to deliver a blow, and these 
devices it has been explained are mechanical counterparts of 
the fist or of part of it. When the bow is held horizontally 
a swinging type of blow is delivered by the bow nocks and 
arm. The archer it is fairly evident is therefore also a 
wielder of a club. It can therefore now be seen that the 
pellet bow or bow and arrow machine has been developed 
from the club, spear, and other machines, by a continuous 
process of development, no essential features of earlier 
machines being lost but all conserved in later machines; and 
it is likely therefore that gun machines contain similarly all 
the essential features of club, spear, bow and arrow, and 
earlier machines. It is likely also that future weapons, for 
example atomic weapons, as they develop must retain or 
recover all essential features of earlier machines. In particu- 
lar, it is likely that the wielder of an atomic weapon of the 
future must be a wielder of a club, spear, bow and arrow, 
rifle, and most other types of earlier weapons; and that a 
study of an atomic weapon will reveal it possesses all the 
parts and devices of earlier offensive machines, and no 
others. 

It may be pointed out that, logically, the onus of proving 
that, say. the clubman, the archer, the rifleman, and the 
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wielder of an atomic weapon, use different principles is on 
those who think that different principles are used. According 
to scientific dogmas nothing should be assumed without 
proof. In this work, there is no assumption that later weapons 
embody different principles from earlier ones; and the 
assumption does not need to be used. The belief that any 
weapon or indeed any mechanical instrument has been in- 
vented can be supported by no proofs. 



Chapter 32 


THE CROSSBOW 

T he crossbow differs from the bow and arrow most 
evidently in having a wooden stock added. As a 
result of partly externalizing the stock of the body, 
the crossbow reproduces crudely, but quite distinctly, the 



Fro. 39. SPORTING CROSSBOW AND TWO CRANEQUINS 
XVIth Cent. Victoria and Albeit Museum, London 

Crown copyright (from a photograph). 


outline of the human body; and it a crossbow is placed up- 
right with its butt end on the ground, the human figure with 
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arms outstretched is crudely reproduced, and the human 
prototypes of many of its parts and devices can at once be 
recognized. Thus it can at once be seen that the wooden 
stock corresponds to the wielder’s body, the bow arms corre- 
spond to the wielder’s arms, and the bow strings correspond 
to the sinews and other cord-like components of the wielder’s 
arms. 


The bow nocks correspond to the hands, and are at the 
ends of the bow arms as the human hands are at the ends of 
the wielder’s arms. The tips of the bow nocKs, 'I'hen they 
are well developed, arc called by crossbow makers the 
“thumbs” of the weapon, and often strikingly resemble 
thumbs at the ends of hands. Figures 39 and 45. 

The part of the bow between the bow arms, or handle, 
corresponds to the contrivance formed by the chest to con- 
nect the wielding arms; and the middle portion of the strings 
is an artificial extension of the cords of the chest. 


The butt of the crossbow corresponds to the contrivance 
formed by the legs of the crossbowman. 

A glance at primitive types of crossbows is sufficient to 
reveal the human counterparts of many of the main parts 
of hand weapons, notably the stock, bow arms. butt, and 
strings. By examining more developed types of crossbows, 
the human prototypes of many other parts and devices of 
weapons can easily be knowa Thus, by placing a nineteenth 
century bullet-shooting crossbow* upright and comparing its 










Fig. 40. BULtET-SHOOTING CROSSBOW, XIXth Cent 
(Strings not shown). Property of Mrs. Hooton, Mobberley 

parts with corresponding parts of the body, the human pro- 
totypes of the lock, magazine, bow and stock, can at once 

’1‘For a description of this crossbow, see;— 

Daniel Higson, The Bullet Crossbow; 

Sir Ralph Payne-Gallw«y, Bt, The Crossbow; etc. 
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bs seen. If a crossbow is not available, a shot gun or rifle 
will serve as well for everything except the bow arms and 
strings: and for most purposes will serve much better, for in 
certain ways the rifle or shot gun is more highly mechanized 
than the crossbow. 

The narrower end of the butt end of the rifle or shot gun 
is called by gunsmiths the “toe”, and the blunter end the 
“ heel ”, and these parts can at once be recognized from their 
shapes and positions as corresponding to and being mechani- 
cal counterparts of the toe and heel of the wieldcr’s foot or 
shoe. The butt end is curved underneath, somewhat after 
the manner of the instep: and the part between the toe and 
heel of the gun or crossbow is a crude mechanical copy of 
the wielder’s instep device- When the weapon is placed up- 
right. its toe and heel and instep are on the grotmd: and 
when a soldier, for example, stands at “ attention ” he places 
the toe of his rifle next to the toe of his boot, its heel next 
to the heel of his boot, and its instep almost follows the curve 
of the instep of his boot or foot as if to demonstrate that the 
butt end is a mechanical copy of the butt end formed by his 
foot. 

There is a bend in the stock of the crossbow, rifle, or shot 
gun. This corresponds to and is a mechanical counterpart 
of the bend in the knees of the wielder or of the bend 
between the legs and trunk- The purpose of the bend in the 
stock will be studied later. 

The lock of the crossbow or rifle is about mid-way 
between the top and bottom of the stock, and in position 
corresponds approximately to the position of the human 
reproductive organs, of which it will be presently shown it is 
a mechanical counterpart- 

A shot gun or rifle differs most strikingly from a crossbow 
in outward appearance in not having bow arms and strings 
fastened to it. Bow arms and strings are not found on 
guns, one reason being that the power of the crossbow is 
generated by the wielder, but the power for the gun is gener- 
ated in factories by others: and the bow arms and strings now 
form parts of the machinery for making and generating the 
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power of explosives, having been transferred from the 
weapon to the factories. 

By comparing parts of a crossbow with parts of the human 
body, nearly all the human prototypes of the parts of the 
weapon can, after a little study, be known. But the cross- 
bow, and indeed any other type of weapon, is but a crude and 
elementary mechanical contrivance, reproducing only very in- 
distinctly and imperfectly some of the main features of the 
wiclder’s offensive machinery. In trying to notice corre- 
spondences between parts of a weapon and parts 'of the 
human offensive machine, we are somewhat in the position 
of a biologist who tries to notice correspondences between 
parts of an embryo and parts of a fully developed creature. 
Indeed we are under the disadvantage that an embryo is far 
less removed in development from the fully developed 
creature than the weapon is from the human offensive mach- 
inery. The astonishing thing is that correspondences 
between parts of a weapon and parts of the offensive 
machine are usually much more evident than between parts 
of an embryo and parts of a fully developed creature. It 
requires long training before a biologist can recognize 
corresponding features of an embryo and a fully developed 
creature, and correspondence is often difficult and may be 
impossible to observe. But a very little training suffices for 
almost anyone to be able to recognize correspondences 
between parts of a weapon and parts of the offensive mach- 
ine. Thus, a club with a knobbed head, although almost the 
most primitive and least developed of weapons, can easily 
be recognized as corresponding to a fist at the end of an 
arm. A child could point out correspondences between parts 
of a crossbow placed upright and parts of the body. 

The biologist has the advantage also of being able to see 
every gradation of development between the embryo and the 
fully developed creature- Thus, every stage in the develop- 
ment of the chicken from the egg to the fully developed 
creature can be observed. But even by following back the 
infinite gradations of development, it is not possible for even 
a trained biologist lo see the feathers, beak, toes, intestines, 
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and other parts in the early egg stage. The student of 
weapons has hardly any intermediate forms between a primi- 
tive weapon and the human offensive machine, and those he 
has are the most primitive forms; for although the process 
of development of weapons has occupied makers of weapons 
since the beginnings of civilization, very little progress has 
been made in reproducing the human offensive machine, as 
is evident from the fact that no one hitherto, it seems, has 
suspected that weapons are mechanical embryos of the 
human offensive machine, so poorly do weapons reproduce 
parts of this machine. 

Also the student of weapons is under the further disadvan- 
tage that weapons are not only in the most primitive stages 
of development towards the offensive machine, but are ex- 
tremely imperfect mechanisms. There is nothing to suggest 
that the embryo of a creature is an imperfect mechanism. 
The biologist therefore has perfect intermediate forms 
between embryos and fully developed creatures, but the 
student of weapons can never study any except imperfect 
first forms- 

It is probable that the ease with which correspondences 
between parts of weapons and the offensive machine can be 
discovered is caused by the circumstance that a weapon is 
an embryo of only one machine of the body. When the 
biologist looks at the embryo of a creature, he does not look 
at the embryo of one machine of the body but at the embryo 
of the thousand and one machines of the body inextricably 
mixed and combined; and he has no means of obtaining any 
of these machines in complete isolation from the others. But 
when examining weapons we see crude and elementary 
mechanical copies of parts of the offensive machinery iso- 
lated from all other machines. Similarly, by making a study 
of optical instruments, auditory instruments, locomotive 
contrivances, musical instruments, clolhesi steam engines, 
internal combustion engines, electric machines, or other 
classes of instruments or contrivances or machines, we can 
see crude and elementary mechanical copies of the vision, 
hearing, locomotive, vocal, clothing, power, nervous, or other 
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machiaes of the body, isolated from all the other machiaes. 
In mechanical devices and machines we see the very 
simplest copies of parts and devices of machines of the body; 
and the most elementary principles of the construction and 
methods of working of the human machines are made 
evident. The student therefore who studies one machine of 
the body at a time, indirectly also by studying simple models 
of parts of that machine, has an overwhelming advantage 
over the student who tries to study the same machine inex- 
tricably mixed with all the other machines of the body of the 
existences of many of which he is not even aware. 

A study of the crossbow reveals that the makers of 
weapons are striving, unconsciously no doubt, to reproduce 
the human offensive machine. It will become apparent— it 
has probably already become apparent to the reader — ^that 
crossbow makers like the makers of clubs, spears, bows and 
arrows, and other types of weapons, have not succeeded in 
inventing any part or device, for there is no part or device 
of the crossbow that cannot be shown to have its hmnan 
counterpart. Reasons will also be given later to show that 
gun makers have probably not succeeded in inventing any 
part or device of a gun. It is highly improbable therefore 
that makers of weapons will or can make any weapon whose 
parts and devices are not counterparts erf the offensive 
machine. The goal or end of man’s efforts in making 
weapons can therefore be known. Briefly, it is to reproduce 
the human offensive machine. Similarly, his goal or end in 
making locomotive, vision, hearing, and other contrivances, 
is to reproduce the human locomotive, vision, hearing, and 
other machines. If these machines could be combined, as 
they are in the body, it seems the result would be man. But 
man already reproduces himself, as do all creatures and 
plants. Therefore at the end of the process it seems we shall 
arrive at the point that we started from, a curious sort of 
progress and one which reminds us that if we sail or fly 
westwards, one day we will arrive back at the point from 
which we started. 
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THE STOCK 

M echanization of the human offensive machine 
was carried a stage further when a wooden stock 
was fitted to the bow to turn it into a crossbow- 
The ordinary bow and arrow machine has a stock formed 
by the wielder’s body. It is not easy to discover by direct 
observation how the body forms a slock for the bow and 
arrow machine; but some things can be known after examin- 
ing various types of mechanical stocks of crossbows and 
guns. In the experiment with the sling, it can now be real- 
ized, a crossbow rather than a pellet bow was reproduced, 
the body of the wielder forming the stdck in the experiment- 
When an archer lies down to shoot and draws his bow by 
placing his feet against the bow arms, the parts of the human 
stock are reversed compared with their positions when the 
bow is held above the head for shooting. C. J- Longman, 
describing the method of drawing the bow sitting down. says. 
“The archer sits down, and placing one or both of his feet 
against the centre of the belly of the bow, pulls back the 
string with both hands. Unless he lashes the bow on to his 
feet, or has remarkably prehensile toes, the bow must spring 
forward when it is loosed, much of the additional power 
.gained must be lost, and the direction and elevation of the 
arrows rendered quite uncertain. By this method, in fact, a 
man makes himself into a crossbow, his body and legs repre- 
senting the stock on which the bow is fixed. It seems 
possible that this system of drawing the long-bow, which is 
undoubtedly very ancient, may have suggested the crossbow 
. . . Certainly, anyone who has practised this method of 
drawing the long-bow would soon find the need for a stock 
on which to fasten the bow, to prevent it springing away 
when loosed.” * 

t Badminton Library. Vol, Archery. 
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H. S. Cowper realized that the ordinary bow has a stock 
formed by the human body. “ Races which draw the ordi- 
nary bow lying prone on their back, with their feet against 
the bow, are already acquainted with the principle of the 
shafted bow. since in shooting, the human body forms the 
shaft or stock.” ^ 

The wooden stock of the crossbow reproduces only a very 
few of the contrivances and devices formed by the stock of 
the wielder’s body. The stock of the body forms a contriv- 
ance to hold the weapon at a certain height above the 
ground; a pivot for allowing the weapon to be turned hori- 
zontally through an angle; and many other contrivances 
which are not reproduced by the wooden stock of a cross- 
bow; for the weapon must be held above ground by the 
body, it must be turned horizontally by the body, and so on- 
A Chinese crossbow, however, has a mechanized pivot by 
which it is held above ground and round which it can be 
turned. This crossbow will be described later. 

The human stock and the wooden stock together form the 
complete stock of the crossbow machine: and the wooden 
stock is a complementary part of the human stock. When 
a rifleman stands to "attention”, the wooden stock of the 
rifle is dose alongside and parallel to the stock of his body; 
but in the aiming position becomes turned through a right 
angle and projects at a right angle from the human slock. 
At point blank range the wooden stock is horizontal, and the 
human stock is vertical. As elevation is increased, 
the inclination of the weapon to the horizontal is 
mcreased, and the indination of the stock to the vertical is 
correspondingly increased, for the wieldex leans backwards to 
keep the wooden stock at right angles, as well as he can, to 
the stock of his body, thus revealing the dose rdationships 
between the wooden and human parts of the stock. 

The turning of the wooden stock, and incidentally of all 
other parts of a rifle, through a right angle is demonstrated 
when a soldier is being drilled and transfers the rifle from its 
place at his side to the aiming position, or to the position 


^The Art of Attack. 
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known as “ at the trail ”, which is a position in which the 
rifle is held by one hand hanging down, with the weapon 
carried horizontally. The wooden stock is changed from a 
vertical to a horizontal posifion. The butt end which was 
on the ground and horizontal becomes vertical- The barrel 
which was vertical becomes horizontal- And so on. 

The butt of a weapon is the part between the lock and the 
ground, when the weapon is held upright with the butt end 
on the ground. The rifle’s butt is alongside the leg of the 
soldier standing at attention, and must therefore correspond 
to and be a counterpart of the contrivance formed by his leg 
or legs. Like the stock, the butt is turned through a right 
angle as the weapon is brought to the shoulder to be aimed 
(Rule 10). 

The butt in some mac h ines is formed by both legs, in some 
others by one leg only, in others sometimes by one leg and 
at other times by both legs- Thus, the butt of the fist 
machine is human, and is formed usually by both legs, but 
at times may be formed only by one leg. The butt of the 
shot putting machine is formed at first by the right leg. As 
the putter moves forward, it is formed by both legs, i.c.. 
when both feet are on the ground. As the missile leaves his 
hand, the butt is again formed only by the right leg, for at 
that moment he stands only on the right fool. The butt of 
the archer, crossbowman, and rifleman, is formed usually by 
both legs. 

The stock of the rifle, shot gun, or other hand gun, when 
the weapon is placed upright, does not bifurcate, or become 
two parts, towards the ground, as the body bifurcates. But 
the stocks of some types of orossbows do bifurcate, so that 
the butt has two rudimentary types of mechanical legs- A 
glance at the Fan crossbow in Figure 41 (i), shows its long 
stock split into two limbs. In the second type of Fan cross- 
bow, Figure 41 {ii), the two limbs, or legs, rejoin to form a 
single butt end- The first type of Fan crossbow therefore has 
two butt ends, but the second type only one butt end. As 
stated in the preceding paragraph, the wielder’s body usually 
forms two butt ends, but if he puts most of his weighf on one 
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leg, the butt end of the machine will be formed mainly by 
that leg, and if he puts all his weight on it will be formed 
only by that leg. 




(i) Typo with split stock 

(li) Type with partly spht stock, with stick keeping limbs open 

(lii) Lock of Fan crossbow, showing peg for pushing out the 
strings 

(iv) Fan crossbow, type (iO 

B, hole for bow arms; G, string groove; P, peg; S, stick. 

Therefore, looking at a Fan crossbow placed upright, the 
outline of the human body with arms outstretched is fore- 
shadowed; and on looking at its side, the two legs can be 
seen forking from about the lock and continuing to form two 
butt ends or rejoining to form one butt end- 
Details of the construction and actions of the Fan cross- 
bows shown in Figure 41 are as follows: — 

Figures 41 (i) and (I'O show diagrammatically the sides of 
two different varieties of Fan crossbows. Figure 41 (Hi) 
i^ows the lock, enlarged. B is the rectangular hole in the 
side of the stock which receives the bow arms. G is the 
notch or transverse groove into which the strings are drawn. 
In type (0> the split stock is held open by the crossbowman 
until the moment of release, when he allows it to close by 
its own power to drive the peg P, which is fixed in the Ipwer 
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limb, up through the hole in the upper limb to push out the 
strings. In type («). a stick S is inserted in the split to keep 
the limbs apart. To release the arrow, the stick is with- 
drawn. The split then immediately closes and the peg P 
moves up into the groove G and pushes out the strings The 
arrow lies on the fore part of the stock, between G and B, 
sometimes m a very slight groove or barrel. 

Figure 41 (iv) is a sketch of a Fan crossbow of the second 
type, with a stick inserted in the split. 

The stock of the Norwegian crossbow. Figure 42 (v), used 
for whaling in the Fiords, is constructed on much the same 
principles as the first type of Fan crossbow, and has some- 
what similar actions, but the two limbs of the stock are 
joined by a hinge and not by a split, and therefore the cross- 
bowman must directly close the limbs to drive out the 
strings, using the lower limb as a kind of long lever or 
trigger. The stock bifurcates from just above the lock, as 
m the Fan crossbow, to form two limbs or legs of equal 
lengths. 

The two limbs of a crossbow’s stock however are seldom of 
the same length. The upper limb is the portion on which 
the arrow is placed, the lower limb is used as a kind of long 
lever or trigger. Usually the lower limb is shorter than the 
upper one- In some types of crossbows the lower limb is 
represented by a long lever (see Figures 50, 54, 60, 61), and 
in others merely by a trigger (see Figures 40, 43, 46, 49. 52, 
53). In the gun machine, the lower limb is represented 
merely by the trigger; but in the air gun machine and m a 
few types of gun machines the lower limb is still represented 
by a long lever under the stock which is worked to charge 
the gun or to open its breech. 

Occasionally the lower limb of the crossbow is longer than 
its upper Umb, as in the Chinese repeating crossbow. Figure 
47. The upper limb is formed by the bottom of the box or 
magaiane, and has a slight groove into which the arrows drop 
in succession. The lower limb is the part which extends 
from beyond the bow arms to the shoulder or chest crutch. 

Hence in some types of crossbows the lower limb of the 
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stock is longer than the upper one, in others the limbs are of 
equal length, and in others the lower limb is represented by 
a long lever, which becomes the short trigger in other types. 
There is thus a complete series of limbs or triggers between 
the lower limb of the crossbow which is longer than the 
upper limb and the lower limb formed merely by a trigger- 
worked by a finger. It is clear the trigger of a crossbow or 
gun is a modified lower limb of the slock, and therefore a 
dwarfed or atrophied extension of the leg of the widder. 

A Benin crossbow represented on a bronze plaque in the 
British Museum has its lower movable limb only about two 
thirds the length of the upper limb. Figure 42 (fv). This lower 
limb somewhat resembles the long lever, or tiUer, found on 
many mediaeval crossbows. Figures 42 (iii), 50, 60, 61; and 
seems to be a type of limb intermediate between the full 
length limb as found in the Fan and Norwegian and similar 
types of crossbows and the long lever of the mediaeval cross- 
bow. According to H. Balfour, “the lever of the better- 
known European crossbows may itself have been suggested 
by and derived from the movable limb of the ruder types. 
The muscular action required to effect the release is in both 
cases the same, viz., a squeezing together of the two parts of 
the stock in the one case, and of the lever and stock in the 
other ... ”3 

Intermediate forms can be found in plenty between cross- 
bows like the Fan and Norwegian crossbows with two butt 
ends, and crossbows with one main butt end and lower limb 
represented merely by a short trigger. It seems that from 
one point of view the lower limb of the crossbow has degen- 
erated mechanically from the full length “ leg ” into a mere 
bit of a leg formed by the short trigger. From another point 
of view the lower limb may be considered to have progressed 
naechanically from the crude lower limb of the stock into the 
well developed trigger of the shot gun or rifle. The prin- 
ciple that a weapon with a mechanical stock should have 
two limbs or legs is thus always obeyed, but one limb may 
be represented merely by a short trigg«. 

3 Journal of the African Society, Vol. Vm, No. XXXII, July 1909. 
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Figure 42 shows the relationships between the lower full 
length limb of a crossbow and the atrophied limb formed by 


(i) 




Fio. 42. 

CROSSBOW LIMBS AND TRIGGERS 

(0 Bullet-shooting crossbow 
(U) Malabar crossbow, Homiman Museum 
(lii) Mediaeval crossbow, with reyolving nut and long lever 
(iv) Benin crossbow, British Museum 
(vl Norwegian whaling crossbow, H, Balfour 
(vi) Fan crossbow, with split stock 


a short trigger. In Figure 42 (yi), the lower limb is the same 
length as the upper limb, the limbs being formed merely by 
splitting the stock- In Figure 42 (v), the lower limb is hinged 
by a loop at the crotch. Figure 42 (/v), shows the side of 
the Benin crossbow with a hinged lower limb of about two- 
thirds the length of the upper limb. The lower limb is repre- 
sented in Figure 42 (iii), by the long lever or tiller found on 
many mediaeval crossbows. The lower limb is represented 
in Figures 42 (i) and (ii). merely by a short trigger. - 
It is not suggested of course that the trigger of the rifle 
has been developed directly from the lower limb of the Fan 
csrossbow; and the diagram merely serves to show how the 
trigger of a weapon like a rifle or shot gun is related to the 
butt contrivance formed by one of the legs of the wielder of 
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the weapon, and is a very distorted and diminutive mechani- 
cal copy of it. 

In all varieties of crossbows the “legs” can open and close, 
as the legs of a wielder can open and close. Thus in the first 
type of Fan crossbow, the legs or limbs are open before 
release of the strings, and on release are closed and brought 
together. If the lower limb is represented in a weapon 
merely by a short trigger, as it is in the shot gun or rifle for 
example, the closing action of the limbs is represented merely 
by the slight approach of the trigger to the under side of the 
stock as it is pulled. 

The limbs of the Fan crossbows are joined just above the 
lock by a split, both limbs being joined naturally at the fore 
end of the stock near the bow arms by the wood. But the 
limbs of the Mandingo and Benin crossbows are made separ- 
ately and afterwards jointed by a loop of thong. The limbs 
of the Norwegian crossbow similarly are made separately,, 
but are then jointed by a slightly more complicated hinge 
consisting of a tenon-and-rivet joint. ^ Since the limbs or 
legs of these crossbows correspond to and are crude mech- 
anical reproductions of the wielder’s legs, there must be some 
correspondence between the ways in which the legs of the 
crossbow ate jointed at the crotch and the ways in which the 
human legs are jointed at the crotch. But of course the 
crossbow joints are in a most primitive stage of development 
and reproduce the human crotch joint only very remotely. 
But, if the human prototype theory is correct, there must be 
some similarities between the ways in which the mechanical 
and human legs are jointed- Probably in the different types 
of West African and Norwegian crossbow leg joints we see 
the very simplest mechanical models of the extremely com- 
plex and perfect human joint The trigger of a hand gun, 
which it has been explained is a rudimentary and distorted 
type of one of the limbs, is jointed to the stock by more 
complicated mechanisms, consisting of seers, springs, and 
other devices of the lock; and since this type of joint is more 
i< 

+ H. Balfour, M.A., F,R.S., Journal of the African Society, Vol. 
vni. No. xxxn, July 1909. 
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highly developed mechanically, probably U corresponds 
more closely but still very distantly to the human joint. 

By studying the ways crossbow limbs are jointed to the 
main part of the stock we can therefore indirectly study the 
structure of the crotch or fork of the body, with the advan- 
tage of seeing in some crossbows the most elementary 
mechanical models of the human leg joint, in others slightly 
less elementary models, and in guns somewhat more com- 
plicated models. The great disadvantage is that no mechani- 
cal weapons have yet been made in which correspondence of 
mechanical and human leg joints is at all close. But doubt- 
less. as new types of weapons are developed, correspondence 
■will become closer. 

Part of the work of the stock and butt is to take the shock 
of the recoil and transmit it to the ground. The wooden 
stock first takes the shock, transmits it to the wooden butt, 
which transmits it to the shoulder. From thence it is trans- 
mitted to the human stock, then to the butt formed by the 
legs, and then to the ground. The body forms buffers or 
springs to help to take the shock and to restore the weapon 
and body to its former position; but these devices are not 
mechanized and externalized, and therefore cannot easily be 
studied. 

The nineteenth century bullet-shooting crossbow. Figure 
40, the shot gun, the rifle, and many other types of crossbows 
and hand guns, have a bend in the stock near the lock where 
butt and stock meet. This bend corresponds to and is a 
crude mechanical counterpart of the bend at the knees or of 
the bend in the body where trunk and legs meet When the 
Tifle is held at attention the concavity of the bend in the 
wooden stock is to the front and therefore opposite to the 
concavity of the bend at the knees which is behind (Rule 
11), but similar to the concavity of the bend of the body 
where trunk and legs meet which is to the front- 

The amount of the bending of the wooden stock or of the 
body seems to be related to the violence of the recoil. The 
recoil of the bow and arrow machine is ^ght, and there is 
litfie bending of th?! knees or of the body. The bending of 
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the knees is not pronounced when a crossbow or shot gun 
or rifle is being wielded, but the wooden stock is bent, and 
the bend in the wooden stock is partly substituted for the 
bending of the body. 



(iii) Buti of bullet-shooting crossbow 

(iv) Butt-plate of bullet-shooting crossbow 

B, bend m stock; H, heel; T, toe. 


The stock of the early crossbow was not placed against 
the shoulder, but was held tightly under the right arm pit, 
or rested on top of the right shoulder. The butts of early 
hand guns also were not placed against the shoulder, but 
were held by the hands or placed on top of the shoulder. A 
heavy recoil cannot easily be taken when the weapon is held 
with the hands or under the arm pit or on top of the shoul- 
der, and aiming is difficult when the weapon is hdd in any 
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of these ways. The slocks of some crossbows and most 
hand guns are therefore shaped so that they can be placed 
against the shoulder; and part of the recoil can then be 
transmitted by the butt end to the shoulder. When the stock 
IS bent, aiming becomes easier. The butt ends of crossbows 
and early guns were often much larger than the soles of the 
foot, and did not much resemble a sole. But later cross- 
bows and guns have butt ends which resemble the sole fairly 
clo.sely both in size and shape. Figure 43. As has been stated, 
the “toe” of the butt corresponds to the wielder’s toe. and 
its “heel” to his heel; and the curve between the toe and 
heel of the wooden butt reproduces fairly closely the curve 
between the human toe and heel, or instep. The prototype 
of the butt end is evidently the sole of the wielder’s foot. 

The sole of the wielder’s foot is usually protected by the 
leather sole of his shoe or boot; and this may have nails or 
plates of some kind on it to prevent abrasion by the ground. 
Similarly to prevent the butt end of a crossbow or gun being 
damaged through contact with the ground, it is often 
covered with a heel-plate which may be of ebonite, brass, 
steel, or other hard material. Makers of guns com- 
plain that wielders sometimes use them like walking slicks, 
placing the butt ends on the ground as they walk, and thus 
damage and jar the weapons- ’ Obviously, the purpose of a 
heel-plate is very similar to that of the sole of a boot; and 
the prototype of the heel-plate is evidently the sole of a shoe, 
or boot, or sandal (Rules 3 and 4). But the human proto- 
type of the sole of a shoe or boot or sandal is the skin of the 
sole of the foot and the leather sole is merely a mechanical 
extension of the skin of the human sole. Therefore the 
human prototype of the heel-plate is the skin of the sole of 
the wielder’s foot. 

A felt or rubber pad is sometimes fastened to the butt end 
of a shot gun or rifle, to help to take the shock of the recoil. 
Nowadays, the sole of the shoe of a marathon or cross- 
country runner when there is much road work is often 

3 e.g., Major Sir Gerald Barrard, Bt., D.S.O., R,F.A., The Modern 
Shotgun. 
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heavily padded with soft rubber to take the shock of the 
impact of his foot on the ground. The pad on the butt 
evidently has the pad on the shoe as a prototype. When 
the heel-plate is on the ground it is horizontal but when 
placed against the shoulder is turned through a right angle 
compared with its position when on the ground. Since the 
curve of the heel-plate fits the curve of the shoulder, it is 
evident that the instep and the curve of the shoulder are 
closely related biologically. 

The butt of a well made shot gun is not quite in the verti- 
cal plane through the rib of the barrels, but is bent slightly 
to one side or the other. It is placed out of the line of the 
barrels, in order that it may not be necessary to bend the 
head over the gun too much when aiming. For a right handed 
shooter the butt is bent to the right, or is “cast-off”; and 
for a left handed shooter is bent to the left, or is “ cast-on 
and the amount of cast-off or cast-on depends on the physi- 
cal peculiarities of the wielder for whom the gun is made, 
and on his methods of shooting. ® When a butt is cast-off 
or cast-on, the butt must be bevelled, or chamfered, or only 
one edge will meet the ‘ho.i k 

spending to cast-off, cast-on> and chamfering can easily be 
observed when an archer stands to shoot. 

If an archer places both feet together, he may overbalance 
when shooting, and to obtain a &m base he places his feet 
apart, the distance apart varying with the type of bow and 
method of shooting adopted by the archer. If he is right 
handed, the effect of the recoil will be to lift his left foot and 
cause his butt to be formed mainly by the right foot Since 
his right leg is not directly under his body, it is “ cast-off ” 
from the line of the stock of his body- Also, because his 
foot is not directly under his body, the sole of his foot is 
" chamfered ”, that is the inner edge of his sole is slightly 
nearer than its outer edge to the centre of his knee. If the 
archer is left handed, then the opposite ^ects will be seen, 
and his left leg will form the main part of his butt, and be 

ft Major Sir Gerald Burrard, Bt., D.S.O, R.F.A., The Modern 
Shotgun- 
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slightly “ cast-on ”, and his sole will be “ chamfered ” in the 
opposite way to which it is chamfered when shooting riglit 
handed. 

A gun stock is so fashioned that its butt end is at right 
angles or nearly at right angles, to the barrels>7 The soles 
of the archer’s feet also are at right angles, or nearly at right 
angles, to his fore-legs, or parts of the legs below the knees. 
But an archer may stand with his right foot slightly forward 
and out of the plane of the bow. and the sole of his right 
foot then will not be quite at right angles to the fore-leg. 
Similarly, the butt end of a gun may be so fashioned that it 
is not quite at right angles to the barrels. 

Usually the soles of an archer’s feet are not parallel and 
he stands with his toes farther apart than his heeh; and the 
butt end of the archer is therefore usually twisted over. A 
well made gun stock similarly is twisted over, that is, the toe 
of the butt is more “ cast-off ” than the heel. * 

It is clear that the human prototype theory fuEy accounts 
for the forms and shapes of the butts and butt ends of nfies 
and shot guns, and for the variations in their forms and 
shapes. Their forms and shapes can be seen to correspond 
to those of the human butts and butt ends formed by the 
legs and soles of the feet of an archer. Many and various 
types of butts and butt ends are formed by archers, depend- 
ing on the types of bows and methods of shooting adopted 
by the archers; and. similarly, many and various types of 
butts and butt ends are made by gunsmiths, depending on 
the purpose of the weapons and on the physical peculiarities 
and methods of shooting of the wielders for whom the 
weapons are made. 

When an archer stands to shoot, a pole or rod device is 
formed by the left arm and right arm and chest, which keeps 
the bow away from the body, and keeps the bow and strings 
apart as the strings are being drawn. This device is formed 
mainly by the legs and trunk when the archer lies down to 

7W. W. Greener, The Gun and its Development, 

* The usual “ cast-off " is A" for heel and i" for toe— W. W. 
Greener. 
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shoot. The human parts also form a contrivance by which 
the missile can be elevated or depressed when it is desired 
to change the aim. The pole or rod device always points 
approximately along the direction of the missile, and some 
kind of directing device is perhaps formed as well. Many 
other devices are also perhaps formed, which have escaped 
the author’s notice. It is, of course, difficult to see and dis- 
tmguish these devices in the bow and arrow machine, for 
none of them are mechanized. 

In the crossbow machine the pole or rod device is partly 
mechanized, and holds the bow and strings apart when the 
strings have been drawn, and the weapon can then be carried 
without the human parts directly helping to form the device. 
But when the weapon is being aimed, the crossbowman 
again helps to form the device, as his left arm is stretched 
forward along the stock; and it seems therefore that the 
human parts are not fully released from the need for form- 
ing the device. 

The rod or pole device cannot easily be distinguished in 
the crossbow machine from the wooden stock device, for the 
wood of the stock has to serve as a stock to support the 
barrel, and as a pole or rod device to keep the bow and 
strings apart 

The partial mechanization of the human stock by the fit- 
ting of the wooden stock to the archer’s bow has the effect 



Fig. 44. LOOPHOLES 
(i) Vertical opening for archer 

fii) The same with a horizontal opening added for use by a 
crossbowman 

(iiij Goblin Tower, CJhester City Walls, Xllitta cent, (restored), 
showing loopholes for crossbowmen 

of turning the bow arms and strings through a right angle 
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(Rule 10); for the archer’s bow is in a vertical plane but the 
crossbowman’s bow is in a horizontal plane. One result of 
this turning of the bow arms through a right angle has been 
to produce the cruciform loophole, called arbalestina® or 
balistraria, often made in the waUs of a castle or other 
mediaeval fortress. The archer needs a vertical but the 
crossbowman a horizontal slit or loophole through which to 
shoot. The cruciform loophole however can be used both 
by the archer and the crossbowman, Figure 44 (ji), (Hi). 

The turning of the bow arms through a right angle, when 
the stock is partly mechanized, reveals that the offensive 
machine has two planes; and that the parts and devices of 
the offensive machine are contained as much as possible in 
one or other of two planes at right angles to each other, and 
that all actions take place, as well as can be arranged, in 
one or other of these planes. The planes may be called the 
direction and elevation planes. 

The planes can be quickly discovered and distinguished, 
by looking first at the bow and arrow machine and then at 
the crossbow machine. The bow and strings of the ordinary 
bow and arrow machine are in a vertical plane, which is the 
direction plane. The bow and strings of the crossbow mach- 
ine are turned through a right angle compared with those of 
the ordinary bow and arrow machine, and lie in the elevation 
plane. 

As the crossbowman aims, his direction plane includes the 
quarrel or bolt, the wooden stock, the trajectory line, and the 
target, all as nearly as possible. The wooden stock cannot 
be contained wholly in a plane nor can the bolt, but the axis 
of the bolt lies exactly in the plane. The whole of the target 
is not contained in the plane, but the point where it is struck 
lies exactly in the plane- If the target is fixed, the direction 
plane is also fixed; but if the target moves, the direction 
plane will turn as the crossbowman changes the direction of 
his aim. This plane can be conveniently called the direction 
plane because it shows the direction of the aim, or shows the 
direction in which the missile is sent. 


SSir Ralph Payne-Gallwey, Bt, The Crossbow, 


2 ? 
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The crossbowman’s bow and strings do not lie in the 
direction plane, but lie in a plane at right angles to it. More 
correctly, they lie on a parabolic surface. If there was no 
gravitational force, when the quarrel was loosed it would 
travel in a straight line along a flat surface which would in- 
clude the bow arms, strings, trajectory line, and point where 
the target was struck. But because of gravitational force the 
crossbow must be given an elevation and the quarrel be 
aimed higher than the target; and when the quarrel is loosed 
instead of travelling in a straight line along a flat surface, it 
travels in a parabolic or elliptic curve along a parabolic or 
elliptic surface. The bow arms and strings lie on this sur- 
face approximately. This surface may be called the elevation 
surface or, conveniently but not quite so accurately, the 
elevation plane. 

The quarrel of the crossbow lies both in the direction 
plane and in the elevation plane, and is shot along their line 
of intersection. This line has the form of part of a parabola. 

When the archer holds the bow horizontally or shoots 
lying down, the bow arms and strings then lie in the elevation 
plane, and compared with their positions when the bow is 
held vertically are turned through a right angle, and arc 
transferred from the direction plane to the elevation plane- 
When a wielder uses a crossbow instead of a bow and arrow, 
he transfers the bow and strings from the direction plane to 
the elevation plane- 

There are many styles of shooting in archery; but the 
archer always seems to do his best to keep all parts of the 
machine as nearly as possible in either the direction or eleva- 
tion plane. Thus in Figure 35 the archer’s stock and legs are 
as much as possible in the direction plane; and his arms are 
also placed as much as possible in this plane- 

Parte of the oSensive machine may lie both in the direc- 
tion plane and in the elevation plane. Thus, in Figure 35 
the arrow lies in the direction plane and in the elevation 
plane. The arms and hands also lie in both planes. The 
elevation plane, which includes the arrow and a rms and 
bands is elevated or depressed as the arrow is aimed titgtipr 


Wi' 



THE STOCK 


387 


or lower, the right elbow being depressed or raised and the 
left hand being raised or lowered as the elevation is increased 
or decreased. If the archer were to hold the bow horizon- 
tally, the bow and strings would then also lie in the elevation 
plane, but not then in the direction plane. 

The body of an archer cannot be kept in a plane, because 
it has three dimensions. Similarly the hands or feet or other 
parts of the body cannot be placed in a plane. But it does 
not follow therefore that the human parts and devices of 
the offensive machine cannot be placed in a plane; for, as 
has been pointed out, the parts and devices of the offensive 
machine are not the same as parts and devices of the body. 

The only parts the archer in Figure 35 has not tried to 
squeeze into one or other of the planes are his feet, which 
seem to disobey the rule that they should be in the elevation 
or direction plane. Possibly their positions can be explained 
as follows: — 

The elevation plane forms, ox would form if it were not 
for gravity, a plane surface parallel to the ground surface. 
The ground, it has been explained, forms a kind of return 
circuit for the trajectory; and therefore is rdated to and may 
be an extension of the elevation surface, or conversely the 
elevation plane may be an extension, a little higher up, of 
the ground plane; and parts and devices can be transferred 
from one plane to the other. If this or some similar explana- 
tion is not correct, it may be necessary to postulate three 
planes in one of which any part or device must lie, namely 
the direction plane, the elevation plane, and the ground 
plane. The archer’s feet lie on the ground plane; and it 
seems best to regard them as transferred with that plane from 
the elevation plane, and to regard the elevation and ground 
planes as extensions of each other- When an archer or rifle- 
man lies dovra to shoot, an attempt seems to be made to 
bring the elevation and ground planes together. 

The' bow and strings of the bow and arrow machine can- 
not be placed quite in the direction plane unless the arrow is 
shot through the handle, but must be placed a little out of the 
plane. When the arrow is shot through .the handle, this 
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aberation is corrected. Similarly in the crossbow machine 
the bow and strings cannot be placed quite in the elevation 
plane because the quarrel cannot be shot through the bow; 
and the plane of the bow and strings therefore is slightly 
below the elevation plane. This aberation is corrected in the 
stone-bow machine with a curved stock. 

The archer’s left arm may be hurt by the strings brushing 
against it as they are released. Also the strings will experi- 
ence friction and a dragging effect and will wear. To prevent 
hurt to the archer’s arm and friction on the strmgs, some- 
times the archer wears a bracer or gauntlet of leather or other 
material, or a vambrace of polished ivory or metal on his 
arm, and often the bracer is decorated — Chaucer’s line may 
be recalled : “ Upon his arm he wore a gai bracer.” If the 
crossbow’s bow arms were placed in the plane of the stock, 
the strings would scrape the top of the stock and would ex- 
perience friction and a dragging effect and would wear. To 
prevent hurt to the top of the stock and friction on the strings 
the bow arms are specially shaped and then set at a slight 
angle to the stock, or canted, so that the strings just clear the 
top of the stock. The stock of the crossbow like the bracer 
is often decorated. 

The axis of the barrel and breech of the bow and arrow 
machine lies exactly in the elevation plane and also exactly 
in the direction plane. This follows because thb axis of the 
barrel and breech coincides with the axis of the arrow, which 
it has been explained lies both in the elevation and direction 
plane. The left arm, right upper arm, and right fore arm lie 
as nearly as possible in the direction and elevation planes. 
The bow nocks, when the bow is held vertically, lie in the 
direction plane, but the archer’s hands which are their human 
counterparts lie in the direction plane and also in the eleva- 
tion plane* When the bow is held horizontally, the bow 
nocks lie only in the elevation plane. The quiver of the 
archer in Figure 35 seems to be nearly in the direction plane- 
As the archer turns his body the quiver turns with the direc- 
tion plane and remains in it. The spare arrows under the 
foot seem nearly* in the direction plane, and also in ‘the 
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ground plane. When spare arrows are held in the left 
hand against the bow handle they lie in the direction 
plane. 

The mechanical part of the trigger of the crossbow mach- 
ine is in the direction plane, but the human trigger finger 
device formed by the forefinger is horizontal and approxi- 
mately in the elevation plane. 

When the axis of the crossbow machine is mechanized, 
the mechanical part lies in the direction plane and ai right 
angles to the elevation plane. The axis of the Chinese cross- 
bow machine is formed by the pivot round which the weapon 
is turned. The pivot is fitted to the under side of the stock 
and placed in a socket on a wall so that the weapon can be 
conveniently held and turned. This pivot must be a mecham- 
cal copy of a pivot of the human offensive machine, whose 
existence is thus revealed. 

In a general way it may be said that direction for hitting 
an opponent with the fist is obtained by turning the body 
round an axis. How this axis is formed or where it is 
situated cannot easily be known. As the fists are moved, 
the trunk turns round an axis approximately formed by the 
backbone. The head swivels on this axis, but does not turn 
with the body, for the wielder of the fists always faces his 
opponent and keeps his eyes fixed on him. The way in 
which the body turns on its axis while the head remains 
almost stationary while swivelling on the axis can be well 
seen by standing in front of a mirror and going through the 
motions of using the fists against the imaginary opponent in 
the mirror- Direction for hitting the opponent or target is 
obtained by turning the body round its axis, the legs being 
so placed that the line from one foot to the other gives the 
direction of the blow or thrust The direction in which the 
shot putter sends his missile is ^ven first by the line joining 
the right foot to the left, but at the final moment the feet are 
reversed and the direction is given by the line from the left 
foot to the ri^t. For archery practice, according to E. W. 
Hussey, “in the ideal footing, a line from the object — ^for 
all practical purposes the centre of the target — should pass 
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through the centre of the heels If an animal or bird 

crosses the path of an archer, he changes the positions of 
his feet, if the swivelling of the body proves insufficient to 
make a shot convenient, so that the line from his right foot 
to his left foot points just ahead of the creature. Similarly, 
the crossbowman directs his missile just ahead of the creature 
by turning his body on its axis, but if the amount of the turn 
becomes too great he changes the position of his feet so that 
the line from the right foot to the left gives the direction. 
Small corrections as the creature continues to move can be 
made by turning the body on its axis. 

Although it is difficult by direct observation of a human 
machine, like the fist machine, to discover the axis of the 
offensive machine, it can be noticed that one of the vertebrae 
of the backbone, the second cervical vertebra, is called the 
axis, and that this vertebra allows the head or skull to turn 
relatively to the lower vertebrae. It is probable therefore 
that the axis of the human offensive machine is formed by 
the backbone or spine, with tibe second cervical vertebra, or 
axis, forming turning mechanisms. If this is so. then any 
pivotal contrivance of a weapon, like the pivot of the 
Chinese repeating crossbow or the tripod of a machine gun, 
is a crude mechanical copy and extension of the axis of the 
backbone. Further, the ffist cervical vertebra, the atlas, 
allows the head to nod. Since the head is raised or lowered 
as elevation is increased or decreased, mechanisms of the 
atlas are probably prototypes of certain of the elevating and 
depressing mechanisms of weapons. It can also be noticed 
that the axial skeleton of the body is formed mainly by the 
backbone and skull. This supports the belief that the axis 
of the offensive machine is formed by the backbone. 

The axis of the offensive machine is sometimes partly 
mechanized by means of the turning pin or axis of the siege 
crossbow. Figure 60. This is a large and heavy weapon, 
weighing about 18 lbs-, usually placed upon a parapet or 
pivoted on a small tripod. ” The turning pin is probably a 

9 The Rev. Eyre W. Hussey, Badminton Library. 

xo Sir Ralph Payne-Gallwey, Bt, The Crossbow, 
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mechanical counteipart and crude copy of the human pivot 

The axis of the rifle or shot gun machine is mechanized 
when the weapon is placed on a stand, as for example when 
an instructor places the gun on a stand which is so made 
that the direction and elevation of the gun can be fixed as 
desired to show how it is sighted on to a target. The axis is 
sometimes formed by the left arm, as when a rifleman lies 
on the ground with the weapon in his left hand and the elbow 
on the ground. The rifle can be slightly turned round the 
pivot of the elbow; but the diiection cannot be much changed 
unless the rifleman moves his body. The line joining the 
feet, when shooting lying down is not directed towards the 
target, but seems to be turned through a right angle. The 
axis of the machine gun machine is usually partly mechan- 
ized by a tripod or other type of stand. The tripod is a 
modified mechamcal copy of the elbow device described 
above. The early hand gun machine’s axis was usually 
partly mechanized by means of a stand, which in the case 
of the large culverin and the arquebus consisted of a forked 
stick. 

M the simple sling is whirled at the side of the body, the 
whirling plane is in the direction plane, which includes the 
strings, pouch, and centre of gravity of the missile. The 
body cannot be placed in the plane, but is placed as nearly 
in it as possible. The positions of the elevation plane can 
be known easily only while aim is being taken and while 
rdease is being effected. When taking aim the left hand 
holding the pouch and missile is stretched forward so that 
the line of the strings from the right hand to the left gives 
the intended elevation. The hands, strings, pouch and mis- 
sile are then in the elevation plane, as well as in the direction 
plane. As the missile is rdeased, the ri^t hand holding one 
string goes forward, and the strings tend to come into a 
strai^t line and lie along the devation plane. 

The elevation plane, it seems, during the whirling of the 
missile> revolves approximately round a horizontal axis 
throng the right hand, so that the strings and pouch and 
missile are always in the elevation and ditection planes. 
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If the sling is whirled above the head and no elevation is 
given, it is whirled in a horizontal plane which is the eleva- 
tion plane. But when an elevation is given to the missile the 
elevation plane is tilted at an angle to the horizon. 

The direction plane it seems revolves with the strings about 
an axis formed by the axis of the body. It is stationary 
during the aiming movements; but during the whirling move- 
ments the vertical direction plane revolves so as always to 
include the strings and missile, but except at two moments 
in each revolution does not include the target. The missile 
is released after the direction plane has revolved one or more 
times, when the plane is at right angles to its aiming posi- 
tion: and the missile is thrown at right an^es to the direction 
plane. The plane continues to revolve after the missile has 
been released, and is brought to rest once again in the aiming 
position; the right hand, and strings which then come into a 
straight line, and pouch between the two strings, lying in the 
direction plane and pointing along the trajectory to the 
target. (The missile must be released when the strings are 
practically at tight angles to the line joining the body to the 
target, for on release the missile flies off at a tangent to the 
curve it was describing). 

It appears therefore that when the sling is whirled at the 
side of the body the direction plane is fixed in direction, but 
the elevation plane revolves about a horizontal axis approxi- 
mately; but conversely, when it is whirled above the head, 
the elevation plane is fixed in direction, and the direction 
plane revolves about a nearly vertical axis. The axis is not 
quite vertical because the slinger leans backwards to keep 
it at right angles to the elevation plane. 

If the sling is whirled above the head, the target is in- 
cluded in the direction plane only at two moments, the first 
moment being when the missile is being aimed, and the 
second as it is released; and when it is whirled at the side of 
the body, conversely, the target is included in the elevation 
plane only when the missile is being aimed and when it has 
just been released* This shows that the target is not always 
included both in the direction plane and in the elevation 
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plane at all times. It seems that whenever the hands of a 
wielder are reversed in direction the target temporarily and 
during the reversal of the hands is not included in one of 
the planes. Thus, for example, when the wielder of the fists 
is bringing his rear fist to the front to dehver a swinging 
blow, the direction plane which included his fists does not 
include the target. The line of the intended blow is shown 
by the line joining the fists. This line is suddenly reversed 
in direction when the rear fist is brought to the front, being 
reversed along the elevation plane’s surface when a swinging 
blow is being given, but being turned over in a vertical plane 
when a thrusting blow is being given. When therefore the 
line from the hands is being reversed the target is tempor- 
arily not in one or other of the planes. 

When a sling is being whirled the direction of the blow 
seems to be reversed as often as the strings are whirled. The 
movements of the hands are very complicated and are 
quickly performed; but the left or free hand seems to imitate 
the movements of the right hand which holds the string ends, 
and it can be conjectured that they are so placed at any 
moment that the direction line is from one hand to the other, 
this line being reversed twice in each revolution of the 
strings, and not once as the line joining the fists is reversed 
when the body makes a half turn. 

The direction and elevation planes can be observed fairly 
well when some field athletic sports machines are in action. 

The elevation plane of the hammer throwing machine is 
very easily seen, for it is the plane in which the weapon is 
whirled. During the whirling movements the elevation plane 
includes the arms of the wielder, the hands and stirrups, 
wire and head of the hammer. The direction plane always 
includes the wire and head, but revolves and does not in- 
clude the target except twice in each revolution. After 
release it includes the body, hammer, trajectory, and place 
where the head hits the ground, or target. 

The elevation plane of the javelin throwing machine in- 
dudes the javelin at all times. The elevation of the plane 
is shown by the angle the javelin makes with the ground- 
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During the aiming movements the left arm and right arm 
point with the javelin to the target and are both in the 
elevation and direction planes. The hands and arras make a 
half turn along the surface of the elevation plane as the 
right hand comes forward to deliver the thrust. As the 
hands are reversed and the half turn is made the direction 
plane revolves through two right angles. 

The elevation plane of the discus thrower is fairly easy to 
see It includes the centre of gravity of the discus, and both 
hands and arms. The arms are outstretched during the 
whirling movements, and the elevation plane usually slopes 
downwards to the side next to the discus. The elevation 
plane of the shot putter includes the centre of gravity of the 
shot, the hands and the arms. Its inclination is shown by 
the line from one hand to the other. The hands swing 
round in the elevation plane as the half turn is made, and the 
direction plane turns through two right an^es as the half 
turn is made. 

Field athletic sports machines are very slightly mechanized. 
It cannot be expected therefore that the planes and their 
positions can be easily seen or studied directly; but the 
existence of the planes is clear beyond a doubt. 

The fist machine is not mechanized at all. It might there- 
fore be thought the planes cannot be seen; but after a study 
of mechanized machines, they become fairly evident, and 
some general statements can be made about them. 

The direction plane of the fist machine includes the fists, 
axis of the stock, and line from one foot to the other. As 
the half turn is made to bring the rear fist to the front to 
deliver the blow, the fists are reversed along the surface of 
the elevation plane, and also along the direction plane. The 
point where the opponent is hit is in the direction and eleva- 
tion plane. If the wielder of the fists is inexpert or clumsy 
probably parts of the ofiensive machine do not move always 
in one or other of the planes. Even the expert wielder 
sometimes transgresses, but probably an expert wielder of 
the fists, although he may be unaware of the existences of 
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these planes, does try to keep all parts and perform all 
actions in them. 



Chapter 34 


THE BOW AND STRINGS 

T he bow arms are fastened lo the stock by thongs, 
cords, metal bands, or other types of mechanical 
clasps. Figures 39, 54. 61. The clasps correspond lo 
the human clasps formed by the left hand of an archer as 
he holds the handle of his bow. They must also correspond 
to the human fastenings which hold the wielding arms to 
the human stock. The archer’s left hand and fingers there- 
fore besides forming a barrel for the handle form also clasps 
which are transferred copies of the human clasps which hold 
the wielder’s arms to the stock of his body. The mechani- 
cal clasps which hold the bow arms lo the wooden stock are 
therefore mechanical reproductions or extensions of the 
human chest fastenings. The mechanical clasps are very 
crude and elementary embryos of the human fastenings. 

The bow arms of the crossbow are mechanical or artificial 
reproductions of the arms of the wiclder. Reasons for 
believing that bow arms correspond to the wielding arms 
have been given in the chapters on the bow and arrow mach- 
ine, and need not be further elaborated here, although it 
may be pointed out that in the crossbow machine the bow 
arms are usually concave to and in the same plane approxi- 
mately as the wooden stock; but sometimes the concave side, 
before the strings are drawn points away from the stock. 
The crossbow’s bow arms compared with the wielder’s arms 
are reversed, for the human arms when outstretched are 
concave lo the front and in a horizontal plane and therefore 
at right angles to the direction of the stock and butt of the 
body, as can be seen at once by bringing the outstretched 
arms forward until the fingers touch. 

At the ends of the bow arms are the bow nocks for hold- 
ing the ends of the strings. On many crossbows the nocks 
ate well formed; and, as has been stated, the projections over 
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which the strings arc passed are called the “thumbs”; and 
a bow nock holds a string end in much the same way as if 
it were passed over the thumb of a hand. The bow nock is 
easily recognizable as corresponding to a hand at the end of 
an arm. Figure 45 shows the “ thumbs ” of a bullet-shoot- 
ing crossbow, and the methods of attaching the bow strings. 
The “ thumbs ” are not similar, but face opposite ways, as the 
human thumbs face opposite ways, one being a left handed 
thumb and the other a right handed thumb. 

The strings of a crossbow, like those of the bow and 
arrow, correspond to the strings of the wielding arms. In 
machines shooting arrow types of missiles, the strings are 



(V) 


(Vi) 





Fro, 45. 

fi) Thumb of a bullet-shooting crossbow 
(li) The thumb, with strings fitted 
(iih Left thumb 

(iv) Ri^ht thumb 

(v) Strings of bullet-shooting crossbow 
(vQ Pouch of biillet-shooting crossbow 
(vii) The pouch open, seen horn the front 


single, but the types which shoot a ball or pellet usually 
have double strings- The strings are made stronger as a rule 
than those of an ordinary bow and arrow, but often made 
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from similar materials. Some crossbow strings like those of 
the Chinese repeating crossbow are made of catgut. A few 
crossbows have chain strings. 

The strings are usually wrapped at the middle with twine 
or cord to prevent the strings being worn as they slide along 
the stock and to prevent abrasion by the butt of the arrow. 
They are usually wrapped also near the bow ndeks, Figures 
39, 45, 54, 59, 61. 

Wrappmg or bmding formed by a lengtii of cord is auto- 
matically rifled. The strings also, when they are twisted are 
rifled. The rifling of the crossbow machine is thus partly on its 
strings. That of the ordinary bow and arrow machine is simi- 
larly partly on its strings; and the rifling of the strings is im- 
pressed on the right hand Angers as they hold the strings, that 
is on the back part of the barrel. The riflings of the ordinary 
bow and arrow machine are therefore partly mechanized. 
Whenever twisted strings are used, necessarily and automatic- 
ally rifled grooves are formed on the strings, and machines 
having such strings have their riflings partly mechanized by 
means of them. If for example the strings of a sling are 
twisted, the riflings of the machine are partly mechanized by 
means of the string spirals, and the spirals will be impressed 
on the hands holding the string ends, and the barrel formed 
by the fingers holding the string ends will be rifled. 

The strings of the prodd or bullet-shooting crossbow are 
double; and possibly reproduce certain features of the 
string-bke components of the wielder’s arms better than they 
are reproduced by archer’s strings- The strings of pellet 
bows are usually double, and resemble those of prodds. 

The double strings of a prodd are kept apart sometimes 
by little bone or ivory pieces, which probably are mechanical 
extensions of certain bones of the arms. They are at right 
angles to the plane of the bow arms. Figure 45 (v). 

The pouch of the bullet-shooting crossbow is a modified 
type of pellet bow or sling pouch; as is evident, because the 
strings of the crossbow are fastened to the pouch in much 
the same way as the strings of a pellet bow are fastened to 
its pouch; the string ends opposite the pouch are held by the 
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slinger’s haads or pellet bow’s nocks, and those of the cross- 
bow are held by the mechanical hands or nocks: the 
material of the pouch of the crossbow is usually of leather, 
and that of the pouch of the sling is also frequently of 
leather. 

The missile is a small spherical bullet of lead, baked clay, 
stone, or other hard substance, about the size of the common 
marble. It is held in the little leather pouch, which is shown 
in Figure 45. The strings behind it hook over the metal 
finger. They cannot be drawn by hand, as the bow which is 
of steel is too powerful. Those of the nineteenth century 
bullet-shooting crossbow are drawn by means of a long lever 
which is imbedded in the top of the butt. It is shown raised 
in Figure 46. As it is raised the part of the lock above the 



Fig, 46, BULLET-SHOOTING CROSSBOW. WITH LEVER 
RAISED TO DRAW THE STRINGS 

Stock is pushed forward until the metal finger can be hooked 
under the strings at the back of the pouch- The pouch is 
then open. The bullet is placed in it, and the button at the 
end of the lever is pressed with the palm of the right hand 
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until the lever Is flush with the stock and engaged in a catch 
at the end of the butt. As the lever is pressed down, the 
lock with its catch is drawn back until it comes into engage- 
ment with the seers inside the stock, and is connected to the 
trigger. The pouch closes round the bullet as the pouch is 
drawn back, until it is very tightly held- When the trigger 
is pulled, the metal finger releases the strings, an,d the bow 
arms straighten and pull the strings into a straight line, 
throwing the bullet forward through the metal front sight, 
below the bead. A peculiar feature of this crossbow is that 
the main part of the lock is on top of the stock, and not in- 
side it as in the shot gun and rifle. The weapon was used 
mainly for shooting small game like rooks and rabbits. It 
has an advantage over the gun of being almost silent in 
action. 

A crossbow is usually too powerful for the wielder to be 
able to place the strings on unaided, so a “ bastard ” string 
is first placed over the bow nocks or just short of them, and 
is drawn by the lever, after which the real strings can be 
slipped on and the bastard string be removed. 
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THE LOCK (Crossbow) 

T he strings of early crossbows after being drawn were 
slipped over a projection on the stock or into a groove 
cut transversely in the top of the stock. While draw- 
ing the strings the crossbowman’s fingers curled round them 
and formed a catch to hold and draw them. After being 
slipped over the projection or into the groove the strings 
were no longer held by the human catch, and were then held 
by the mechanical catch formed in a crude and elementary 
manner by the projection or front edge of the groove. The 
mechanical catch was complementary to the human catch 
and replaced it when the strings were fully drawn. 

On many modern types of crossbows the catch which 
holds the strings in the drawn position is formed much as on 
the early crossbows simply by a transverse gioove in the 
stock. The strings of the Fan crossbow of West Africa, for 
example, are slipped into a transverse groove cut in the top 
of the stock, I Figure 41. and the simple catch formed by 
the groove acts in much the same way as the catch formed 
by the crossbowman’s fingers when holding the strings in the 
drawn position. The mechanical catch must be of a similar 
type to that formed by the crossbowman’s fingers, since it 
takes over the work of holding the strings from the fingers, 
and if there were any considerable difference in types, it 
could not easily or smoothly take over this work as the cross- 
bowman drops the strings into or over it. The Mpongwe, 
Mandingo, Yoruba, Benin, and Ba-kwiri crossbows of West 
Africa also have elementary mechanical catches of the Fan 
type. 

The strings of the Chinese repeating crossbow are held in 

IH. Balfour, M.A., F,R.S., Journal of the African Society, 1909; 
The Rev. J. G. Wood, M.A., F.L.S., etc. The Natural History of 
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Fan type, but the strings are drawn with the help of a goat’s 
foot lever. ^ 

A catch to hold the butt of the crossbow’s arrow, quarrel. 

or bolt, after the 
manner in which an 
arrow’s butt is held 
by an archer is found 
on most mediaeval 
and many modern 
types of crossbows; 
and is formed by the 
Fio. 49 . revolving nut, or 



LOCK OF BURMESE CROSSBOW 
Horniman Museum 


banel, of ivory, 
wood, or other mater- 
ial, partly sunk in the 


stock at the place to which the strings are drawn. Figures 


50. 52. 54. 


The nut is shown in Figure 50. It is cut out of a cylindri- 
cal piece of ivory or other material, and has a hole bored 



fii) 


L 

Flo. 50. 

(i) Nut, with two “finaera" A and B 

(ii) Diagram of nut and lever 

A, arrow; L, lever; N, nut; P, trigger spring; S, strings 

through its axis. Parts of the cylinder are removed so that 
two crude types of fingers A and B are formed between 
which the tapered butt of the quarrel can be pressed and 

SH. Balfour, M.A., F.R.S., Journal of The African Society. Vol, 
VIII, No. XXXII, July 1909. 
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held. The nut is notched underneath for engagement with 
the lever or trigger L. It is sunk rather more than half its 
depth into the top of the stock; and therefore there is jio 
tendency for the strings to pull it out of the stock, and indeed 
there might be no need for a peg or bolt to be put through 
the hole in the nut to secure it to the stock, and it would 
revolve about its axis naturally. Hence often the nut is 
secured merely by a cord of sinew or other material passed 
through holes in the sides of the stock and the hole in the 
nut. 

Before the bow is drawn the nut is revolved into its correct 
position to receive the strings. Its lower part is then in en- 
gagement with the lever, and its fingers are nearly upright and 
pointing slightly backwards. As the strings are drawn they 
slip over the circular edges of the nut and are then caught 
behind its fingers. 

A small spring P inside the stock presses on the top of the 
lever and prevents the lever being accidentally jolted out of 
engagement with the notch of the nut- To release the strings 
the long lever is squeezed up against the under side of the 
stock. Tliis causes the other end of the lever to come out of 
engagement with the notch of the nut, which is then free to 
revolve. The strings force down the fingers of the nut until 
they are flush with the stock, and engage the butt of the 
arrow A and drive it along the barrel. 

Writers on the crossbow often call the two top parts of 
the nut the “ fingers ” of the nut,* evidently because of the 
resemblance of the device to the fingers, and resemblance of 
its actions to the actions of fingers when holding and releas- 
ing bow strings. Since the mechanical fingers of the nut 
resemble the device formed by an archer’s fingers for holding 
and releasing the strings and their actions copy those of the 
archer’s fingers, the prototype of the nut is evidently the 
device formed by the human fingers to hold the strings of a 
bow (Rules 1 and 4). 

The mechanical fingers of the nut hold the strings in much 

*e.g., “The butt of the bolt is placed against the bow strings 
between the fingers of the nut.” — Sir Ralph Payne-Gallwey, Bt., The 
Crossbow. 
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the same way as the archer’s fingers hold the strings when a 
two-finger catch is used, one finger being above the butt ol 
the arrow and the other below it. Figure 51. 

The revolving nut therefore has types of fingers which hold 
the strings and the butt in almost the same way as the fingers 
of an archer hold the strings and butt of an arrow; and it is 
evidently a device by wliich the finger hold of an archer can 



(it) Strings and arrow of bow held by fingers of hand. 

be applied in a mechanical form to hold the strings and butt 
of the missile of a crossbow. The nut besides forming a 
catch device to hold the strings and a device to hold the butt 
forms other devices, some of which will be described and 
studied later. 

The crossbow’s quarrel is not drawn with the strings, but 
is placed in position after the strings have been drawn. That 
is, the missile is not placed in its barrel and breech at the 
beginning of the drawing movements but at the end of the 
movements, the action being transferred from the beginning 
to the end of the movements (Rule 9). 

The strings of a prodd or bullet-shooting crossbow are held 
by a metal catch, which seems to be a mechanical copy of a 
bent forefinger or thumb. Figure S3, Its size varies consider- 
ably on different crossbows, but it is always smaller than the 
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forefinger or thumb, and is distorted in size to resemble 
somewhat a very short and stumpy bent forefinger or thumb. 
This type of catch resembles the type of catch formed by an 
archer when he draws the strings with the forefinger or 
thumb. 

Release of the strings from a transverse groove is often 
effected simply by the crossbowman pushing them out with 
his fingers. The release of the Ba-kwiri crossbow, for ex- 
ample, is effected in this way. ■> But this method of release 
disturbs the aim; and often instead of the fingers acting 
directly against the strings, they act indirectly by pushing 
up a peg through a hole in the stock immediately under the 
groove. That is, the fingers are transferred to the lower end 
of a small peg which then becomes an extension of the finger 
device; and the strings are pushed out by the device formed 
by the crossbowman’s finger and its artificial extension. A 
modification of the peg device is scon in the Burmese cross- 
bow, Figure 49, The peg or trigger T is hinged in the horn 
block H at a point P, and is made to rise and push out the 
strings from the groove Q when the finger presses against its 
side, the finger action being applied at right angles to the 
trigger, and the direction of its action is thus turned through 
a right angle compared with its direction when a peg is 
pushed from underneath (Rule 10). It can be noticed that 
the finger action is‘ similarly applied at right angles to the 
trigger of a gun* The Burmese peg is a type of mechanical 
trigger, and the principles of its actions are similar to those 
of the trigger of a shot gun or rifle, of which it is a proto- 
type. Since the human prototype of the wooden peg is the 
finger device, the human prototype of the trigger of a gun 
must be the device formed by the wielder’s trigger finger. 

The strings of the Malabar aossbow are released by pull- 
ing on a short trigger. Figure 52; * but the trigger does not 
act directly on the strings, but acts on the notch at the bottom 
of the revolving nut; and the trigger action of the finger is 

3 Dr. F. Von Luschan, Zeitschrift Fflr Ethnologic, 1897, page 204. 

4 James HornelL F.L.S,, F.R..A.I., Soufli Indian Crossbows, Journal 
of The Anthropological Institute, Vol. UV., 1924. 
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transferred in succession from the finger to the end of the 
trigger in engagement with the nut, then immediately to the 
notch in the nut, then across the nut to the fingers of the 



Fia. 52. 

ACTIONS OF LOCK OF MALABAR CROSSBOW 
(i) Trigger engaged with nut 
(li) Trigger pulled, and nut and strings set free 
A, arrow, B, nut; F, finger of nut; S, strings; T, trigger. 

mut, which release the strings when the finger action is 
applied. Transference of the actions, it can easily be seen, 
takes place in accordance with Rules 7 and 8. The fingers 
of the nut copy in a distorted but sufficiently effective way the 
action of the crossbowman’s finger as it is applied to release 
the strings. The crossbowman’s finger action is modified 
compared with the action that would be required if the 
strings were directly held by the fingers, modification being 
possible and necessary because of the interposition of mech- 
anical devices between the human fingers and the strings. 

The look of the gun evidently is now taking shape. Locks 
of shot guns, rifles, machine guns, and other guns, differ from 
the locks of the Burmese and Malabar crossbows mainly in 
having more levers and springs and other devices, between 
the trigger finger and the device which immediately sets free 
the power. 

The mediaeval crossbow usually has a long lever or tiller 
to engage the notch of the nut; and instead of being pulled 
it is pressed up against the under side of the stock and thus 
forced out of engagement with the notch. Figure SO. The 
nut then revolves and seta free the strings. The action is 
harsh and jerky and liable to upset the aim. 

Since the long lever or tiller is pressed upwards and the 
trigger of the Malabar or Burmese crossbow or rifle or shot 
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gun is pulled towards the wielder, the direction in which the 
finger action is applied when the long lever or tiller is used 
is turned through a right angle compared with the direction 
in which it is applied when the triggers ot these other 
weapons are pulled (Rule 10). 

The wielder of a shot gun, rifle, Burmese or Malabar cross- 
bow releases the power to drive forward the missile by tight- 
ening his hand and fingers, or clenching his fist more tightly. 
This action is opposite to that of the archer, who, to release 
the power unclenches his fist, and relaxes his hand and 
fingers which just previous to the release were taut and partly 
clenched- The action, however, is similar to that of the 
wielder of the fists, who, at the moment he delivers the blow 
tightens his fist- The reversal of the actions when certain 
types of weapons are being wielded is in accordance with 
Rule 11. 

As a crossbowman draws the strings into a transverse 
groove his fingers are curved and taut; but when the strings 
are slipped into the groove his fingers immediately become 
relaxed and straighten. The elementary mechanical fingers 
formed by the front of the groove as they receive the strings 
tighten, and are already curved slightly backwards to prevent 
the strings rising and escaping. The tightening and curving 
actions are thus transferred from the human to the mechani- 
cal fingers at the moment the strings are slipped into the 
groove. To release the strinp, the sequence of these actions 
is reversed, for the fingers of the crossbowman must, as they 
lift out the strings, again become taut and curved. Immedi- 
ately after release, the mechanical fingers are released from 
strain. 

When the strings are drawn into the groove in the ivory 
block in the stock of the Burmese crossbow, the block is 
under much strain, and the slightly curved front of the groove 
against which the strings press and which forms a crude 
mechanical finger is also under much strain. The crossbow- 
man’s finger is lightly pressed against the wooden trigger just 
before release- At the moment of release it curves more 
round the trigger and becomes taut- The trigger similarly 
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becomes taut and pushes up the strings. Immediately after 
release the crossbowman’s finger becomes relaxed, and the 
trigger likewise becomes relaxed and indeed rattles in its 
socket if the crossbow is shaken. 

Before the strings of the Malabar crossbow are drawn, the 
nut and the trigger are loose. When they are drawn tliey 
become very taut, and the fiat surfaces of the nut point 
slightly back and thus curve slightly round the strings. The 
crossbowman’s finger remains relaxed until the moment of 
release, when it suddenly becomes taut and more curved- 
After release the nut and trigger become loose on their pivots 
and the crossbowman’s fingers relax and straighten, and 
the fiat surfaces of the nut no longer curve sli^tly back- 
wards. 

When the lever of a bullet-shooting crossbow is raised, the 
metal finger, or catch for the strings, goes forward until the 
strings can be slipped over it. As the strings are being drawn, 
the metal finger becomes progressively more taut. At the 
moment of release it suddenly becomes relaxed, or loose, and 
instead of curving back points forwards and allows the 
strings to escape. The sequence of the actions of the metal 
finger is therefore the same as that of the archer’s fingers. 

Thus, the principles of the release actions of all the mach- 
ines discussed above can be seen to be the same. Two 
methods of release, of which each method is the reverse of 
the other, are used. The finger, whether human or mechani- 
cal, just before release is curved and taut, and after release 
is strai^tened and relaxed, or before release is relaxed and 
at release is made taut and more curved. The reversal of 
one method of release compared with the other is in accord- 
ance with Rule 11, and the exact reversal of one method 
compared with the other shows the fundamental similarity 
of both methods. 

When an archer releases his strings his fingers point in the 
direction of the blow or thrust, that is along the direction 
taken by the arrow. This action is copied by the mechanical 
fingers of the catches of crossbows which are free to move. 
Thus when the strings escape from a revolving nut, they 
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forcu the Hat surfaces of the nut down until tlicy poiirl along 
the top of the stock, and along the direction taken by the 
arrow. That is they point in the direction of the blow or 
thrust as it is being delivered. The metal finger of the bullet- 
shooting crossbow similarly is forced down and' points some- 
what in the direction in which the pellet or bullet moves. 
When the strings of a crossbow are pushed out ot a groove 
by hand, the fingers necessarily poiirt in the direction of the 
thrust, since they are forced to do so by the strings as they 
escape, the strings acting on the human fingers in almost the 
same way as on the mechanical fingers formed by the flat 
suifaces of a nut or on the mechanical finger formed by the 
metal catch of a bullet-shooting crossbow- 

When a shot gun is used, before release of the power 
the liammcr, which resembles somewhat a bent forefinger 
and is a mechanical counterpart and extension of the trigger 
finger, is taut, but after rele^e becomes loose and relaxed. 
It can also be said to be more curved before and less curved 
after release of the power, for before release it is upright but 
after release points down. The wiolder’s finger on the trigger 
becomes taut at the moment of release and more curved. The 
action of pointing in the direction of the shot is not directly 
performed either by the hammer or the finger which pulls 
the trigger, but is performed by the striker or firing-pin at the 
base of the cartridge, the firing-pin being part of the lock and 
a mechanical extension of the wieldcr’s fingers. All parts of 
a lock are extensions of the human lock formed by the, 
wielder’s hand and fingers, and merely allow the human 
devices to act indirectly to release the power. 

When a blow or thrust is given by an athlete with his shot, 
hammer, or javelin, similarly his fingers which were taut and 
curved before delivery of the blow or thrust become relaxed 
and straighten and point in the direction of the blow or 
thrust. Thus, as the shot leaves the hand, the putter’s fingers 
which were holding the shot and curved sli^tly round it 
become relaxed and straighten and point in the direction the 
missile has been sent Similarly as the javdin leaves the 
hand the fingers point in the direction it has been sent The 
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caber tosser also points with his hands and fingers in the 
direction of his toss as the caber leaves his hands. 

It can now be seen how a study of mechanized machines 
allows a better understanding of offensive machines which 
are not mechanized or only slightly mechanized. The facts 
now obtained also show that the principles of all types of 
offensive machines are the same, and that if a principle can 
be seen to be obeyed in one type of machine it can be 
assumed to be obeyed in all types of machines. Thus, for 
example, when it is noticed that the mechanical finger of one 
type of machine after releasing the power becomes relaxed 
and points in the direction of the blow or thrust, it can be 
known that whenever the power of the offensive machine is 
released, whether it be the power of the shot putting, javelin 
throwing, club, bow and arrow, crossbow, gun. or atom bomb 
machine, either the mechanical or the human fingers must 
relax and point in the direction of the blow or thrust. Or 
again, when it is noticed that the knuckles of the fist when 
they are mechanized by means of a caestus, boxing glove, 
knuckleduster, or steel gauntlet, are not released from the 
need for indirectly giving the blow, it can be known that 
human parts of the machine always indirectly give the blow- 
Or again, when it is noticed that advantages given by use of 
a club are accompanied by corresponding disadvantages, it 
can be known that no absolute advantage can be gained by 
mechanizing the offensive machine. 

, Figure S3 shows the mechanisms of the lock of the nine- 
teen^ century bullet-shooting crossbow. It has three seers, 
if the trigger is counted as a seer. A seer is described by T. 
T. Hoopes as “simply a bit of metal which is jammed in 
somewhere where things are trying to move, preventing any 
motion until it is withdrawn.” s When the trigger T is pulled, 
the seer S slips out of the notch of the piece P into the higher 
notch and at the other end comes out of engagement with the 
finger F which then revolves and releases the strings. (The 
end of (he seer S in contact with the finger F is bevelled so 

s Article, The Double Set Trigger, in A Miscellany of Arms and 
Armor, Arms and Armor Club, New York, 
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that the pull of tlic strings on the finger F can overcome the 
force of the spring and force the seer up into a higher 
notch). The strings can be released, if desired, by pressing 
the button B. The lock can be reset simply by turning the 
metal finger back to its original position. This type of lock 
has a catch strong enough to hold the strings and at the same 
time allows the power to be released with very little disturb- 
ance of aim, by a gentle pull on the trigger. 

A Belgian crossbow has an interesting type of lock, which 
seems to differ in many respects from most other crossbow 

locks; but, fundament- 
ally, its principles are 
the same as those of the 
p others. It has two metal 

fingers, which auto- 

matically drop over the 
strings when they have 
been drawn, and then 
grip them in much the 
same way as strings are 
gripped by an archer 

T when a two-finger hold 

is used. To effect the 

\y (ii) release, a small metal 

trigger, connected to the 
pjg 53 catch by seers, is 

(i) Mechanisms of lock of XlXth cent. 

hullci-shooting crossbow tuts Upwards and thus 

lii) Metal finger, enlarged allows the bow-Strings 

B, button; F, finger; G, strings; P, piece; tO escape from the grip 
S, seer, T, trigger. fingers . . . and the 

action of the Belgian target orossbow catch is identical with 
that of the fingers of the archer when he releases the strings 
of his longbow.” ® Not only are the actions of the fingers of 
the catch identical with those of the fingers of the archer, the 
actions of the human fingers when pressing the crossbow's 
trigger are also similar, although reversed. The Belgian 

* Sir Ralph Payne-Gallwey, Bt., The Crossbow. 
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crossbow’s lock is a complicated piece of machinery, but the 
actions of its parts merely continue and extend those of the 
fingers which press the trigger, so that, finally, the action of 
the catch itself is, “identical with that of the fingers of the 
archer.” Qearly, the prototype of the catch is the device 
formed by an archer’s fingers when a two-finger hold is used. 

In this chapter it has been shown that the short trigger, as 
found on a Burmese crossbow, Malabar crossbow, shot gun, 
or rifle, is a mechanical extension of the trigger finger of the 
wielder and has as its human prototype this trigger finger 
device. But earlier, in the chapter on the stock, it was shown 
that the short trigger is an atrophied mechanical extension of 
the butt device formed by one of the wielder’s legs, and has 
as its human prototype this human butt device. The results 
arrived at in this chapter therefore seem to contradict those 
arrived at in the earlier chapter. But probably there is no 
contradiction, and the short trigger has as its prototype both 
the human butt device and the human trigger finger device. 
The two apparently different results indeed show that there is 
some intimate relationship between the human butt device 
and the human trigger finger device- Very often it can be 
seen that a mechanical part or device corresponds to two 
apparently different human parts or devices, and it can be 
shown to have been developed from both devices. Thus, as 
another simple example, the curve of the butt end of a rifle 
can be seen to be derived from the instep curve near which 
it Is placed when, say, a soldier stands with his rifle at atten- 
tion. But when he shoots with the rifle the butt end is placed 
against the curve of his shoulder, fits this curve, and is 
evidently related to it and derived from it. since it is in imme- 
diate contact with it (Rules 1, 3 and 7). The curve of the 
butt end is therefore related to and derived from the instep 
curve and the shoulder curve. This shows the instep curve 
and the shoulder curve are closely related biologically. 

In a later chapter, it will be shown that the barrel and 
breech and lock have been derived from various devices of 
the hands and fingers, and also that the mechanical parts are 
copies of the human reproductive organs, It will then be 
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seen that not only arc parts of the human offensive machinery 
reproduced by a weapon, but that parts of the human repro- 
ductive machinery are reproduced simultaneously. 

The trigger spring when a stone is thrown by hand is 
human, and formed only by the muscles and various other 
parts of the hands and fingers. Similarly, the trigger spring 
when the club or spear is thrown is wholly human. It is also 
wholly human when the bow and arrow is being wielded. 

The muscles of the hand and fingers when holding the 
strmgs of an ordinary bow are under much strain. At the 
moment of releasing the strings a spring action of the hand 
and fingers occurs, the hand and fingers being allowed to 
spring open and to become relaxed and less curved. In order 
to release the strings, the taut spring formed by the muscles 
of the hand and fingers must be relaxed, and the hand and 
fingers must be straightened sufficiently to allow the strings 
to escape. The prototypes of the springs of the locks of 
guns, it will be seen, are the spring devices formed by the 
hand and fingers for releasing a missile- 

A lock for the ordinary bow is formed entirely by the 
archer’s hand and fingers, and has no mechanical parts- This 
lock has a catch, formed by the hand and fingers, for holding 
the strings. The type of catch depends on the archer’s method 
of drawing the strings. When the strings are drawn, by three 
lingers, a ihrcc-fmgor type of catch is formed; when by two 
fingers, a two-fmger type is formed: and so on. The lock has 
a trigger, formed by the same finger or fingers forming the 
catch, and when the trigger is worked, the strings escape. The 
way in which the trigger works has already been explained, 
the fingers being suddenly relaxed and made less curved- The 
lock also has a spring action, the spring being formed by the 
mechanisms of the hand and fingers. To draw the strings, 
the spring is first made taut, and it remains taut until the 
moment of release, when it is suddenly relaxed. 

The human lock of the bow and arrow, however, is an 
extremely complex piece of machinery; and its mechanisms 
and actions can be noticed and described only in a general 
way. Probably, little information can be obtained about the 
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lock and its actions by direct examination of the hand and 
hngers and their actions; but some information can be 
obtained by the indirect method of examining the crude 
mechanical imitations of some of its essential parts, which 
are found as the locks of crossbows and guns. Examination 
of locks of early crossbows gives some information about 
the human lock as formed for a bow and arrow. For example, 
after examining the catches of crossbows and their actions, it 
becomes evident that the human fingers when holding the 
strings of a bow and arrow form a catch. After examining 
the triggers of crossbows and their actions, it becomes evident 
that the same fingers which form the catch of a bow and 
arrow also form a trigger for the strings of the bow and arrow 
to release them. We conclude, therefore, that the bow and 
arrow has a catch and a trigger formed by human devices, 
and that the actions of the catches and triggers of nossbows 
crudely reproduce the actions of the hand and fingers when 
releasing the strings of a bow and arrow. Furthermore, 
noticing that certain looks of crossbows have springs, it 
becomes evident that the hand and fingers when holding and 
releasing the strings of a bow and arrow have a spring 
action- As locks of weapons become more developed, more 
mechanical devices are fitted to them; but all the devices can, 
after examination, be seen to be possessed by the lock of 
the bow and arrow- 

When beginning to study the lock of the bow and arrow, 
we think it very simple. After examining the locks of 
weapons, we discover that the human lock of the bow and 
arrow is more complex than we thought. The more the locks 
of weapons are studied and compared wilb the lock of the 
bow and arrow, the more complex the human lock appears; 
and after much study we begin to suspect that very little is 
known about the human lock, and realize that the only way 
much information can be obtained about it is by comparing 
it and its actions with the locks of weapons and their actions. 

The lock of the Turkish archer, who uses a horn groove 
and sefin, is not formed entirely by human devices, for the 
sefln, fitted to the nght thumb, is a mechanical device- The 
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sefin, as has been explained, acts only as a catch to help to 
draw the strings and as a trigger to help to release them. It 
has no appreciable elasticity, and cannot bend, and has no 
spring actions of its own. The trigger spring of the lock is 
therefore formed entirely by human devices, and is not 
mechanized. 

Human devices formed the trigger springs of the earliest 
crossbows whose strings were released simply by pushing 
them off a catch on the stock. Before the strings were 
released, the fingers rested gently against them ready to lift 
them quickly off the catch. At the moment of release, the 
muscles suddenly tightened, and the fingers became slightly 
more curved and pushed off the strings. The trigger spring, 
formed by the hand and fingers, was relaxed just before 
shooting and was tightened to i^oot, and its action was, 
therefore, the reverse of that of the archer’s trigger action. 
The Ba-kwiri crossbow’s trigger spring device is also human, 
for the strings are released simply by the fingers pushing 
them from the catch on the stock, and no mechanical spring 
is fitted. 

The lock of the Burmese crossbow has no mechanical 
spring, and the trigger spring is formed entirely by the hand 
and fingers of the crossbowman. The human spring is relaxed 
before shooting, and made taut at the moment of shooting; 
and its action compared with that of the archer is therefore 
reversed. 

Rudimentary types of mechanical springs which help the 
spring action of the hand and fingers can be seen on the Fan 
carossbows, the springs being formed by the splits. In each 
type a small peg fastened to the lower limb projects up into 
a hole in the upper limb under the string groove. Figure 41, 
so that as the limbs close the peg rises up through the hole 
and pushes out the strings. In the first type. Figure 41 (z), 
the spring from the split at the fore end of the stock helps to 
bring the limbs of the stock together, and partly relieves the 
crossbowman’s hand and fingers of the need for exerting a 
spring action. The trigger spring formed by the split, how- 
ever, is set by opening the split, and this must be done by 
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the crossbowman- The power ol the spring, therefore, comeb 
indirectly and pnmarily from the crossbowman’s hand and 
hngers. Although, therefore, when the spring has been set, 
it can partly relieve the hand and dngers of the need for 
acting as a spring, part of the work of the hand and fingers 
in acting as a spring has already been performed m seitmg 
the spring. The trigger spring is in two parts, a mechanical 
part being formed by the split hinge device, and a human 
part by the hand and fingers as they squeeze the limbs of the 
stock together. 

The mechanical part of the trigger spring is much more 
effective in the second type of Fan crossbow, in which the 
split does not extend quite to the end of the stock. Before 
drawing the strings the split between the two limbs is opened 
and a short stick inserted to keep the limbs apart. To release 
the strings, the stick is withdrawn from the split, which then 
immediately closes, and the peg goes up into the notch and 
drives out the strings. The trigger spring, formed by the 
spring from the split, is set by opening the split and inserting 
the stick. 

It might seem that the trigger spring of the second type of 
Fan crossbow is fully mechanized, and that the human 
trigger spring action is not now needed; but, again, this is not 
so, because the split must be opened by the crossbowman, 
and his fingers perform trigger spring actions in opening it. 
The power for the spring from the split must come primarily 
from the crossbowman’s fingers, and the mechanical trigger 
spring device merely allows the human trigger spring actions 
to be applied more conveniently and at a later time. The 
spring of the split device cannot, of course, set itself, and must 
he set by the crossbowman. 

The use of the mechanical spring device of the split causes 
some modifications of the actions of the crossbowman’s hand 
and fingers in releasing the strings, but the principles of the 
actions are not altered. When releasing the strings of the 
first type of Pan crossbow, the hand and fingers holding the 
end of the lower limb of the stock have a trigger spring action 
as they tights and curve more round the end. The human 
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trigger spring action for the second type of Fan crossbow is 
performed when withdrawing the stick from the split, the 
trigger spring of the hand and fingers becoming taut and the 
fingers curving niore as the stick is gripped. 

It should be noticed that the spring actions of the hands 
and fingers and those of the mechanical springs formed by 
the splits occur at the same time; the spring action of the 
hand and fingers and that of the split, when the first type ot 
crossbow is being used, occurring simultaneously; and the 
spring action of the hand and fingers in withdrawing the stick 
and the spring actions of the splits, when the second type of 
crossbow is being used, similarly occurring simultaneously- 
Furthermore, it can be seen that, when settmg the medianic^ 
springs, the mechanical spring devices and the human spring 
setting devices work at the same time. 

When the stick has been put in the split, the human trigger 
spring action has already been partly used to open the split, 
or, in other words, to set the trigger spring. When any mech- 
anical device is used, primarily it must be set or worked by 
its corresponding human device. The mechanical device does 
not replace the human one, but merely performs later and 
more conveniently the actions the human one has already 
partly performed. Primarily the human device must be used, 
then the mechanical device can continue the work of the 
human device. This principle holds good for all mechanical 
parts of a rifle or shot gun. For example, the shot gun has 
a mechanical trigger spring: but it must be set by human 
actions, and it is set by opening the breech and closing it. 
Similarly, the rifle’s trigger spring is set by pulling back the 
bolt and then pushing it forward; but puTUng back the bolt 
and pushing it forward are performed by human actions. 
Behind the actions of each part or device of a rifle or shot 
gun which has been studied, are the actions of its correspond- 
ing human offensive device. The barrel of a rifle guides the 
bullet, but the bed of the barrel is formed by the hand and 
fingers in which the barrel lies, and the human part of tbe 
barrel really guides the bullet- The trigger, when pulled, sets 
free the power to propel the bullet, but it must be pulled by 
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the finger. The trigger spring moves the trigger, but the 
spring is set by the rifleman pulling back and pushing forward 
the bolt, Oitensivc devices like flesh grooves, human trig- 
gers. and human trigger springs, may be said to be primary 
or original offensive devices, and their mechanical counter- 
parts like barrels, metal triggers, and metal trigger springs, 
secondary or derived offensive devices, the secondary devices 
always deriving their powers from the primary ones, and 
performing similar actions to those performed by the primary 
ones. 

The strings of the mediaeval crossbow provided with a 
revolving nut and long lever are set free by squeezing the 
long lever up against the lower part of the stock. Inside the 
stock is a small metal spring, wMch presses on the top of the 
lever and prevents it being accidentally jolted out of engage- 
ment with the notch in the nut- The lock is reset simply by 
turning the nut until it re-engages the end of the lever. The 
squeezing action is performed against the slight pressure of 
the metal spring. The use of the metal spring allows the 
fingers to squeeze slightly on the lover just before shooting, 
and steadies the action of the human trigger spring. 

The Malabar crossbow’s lock has no mechanical spring, 
and the trigger spring is formed wholly by the muscles of the 
hand and fingers puUtng the trigger. 

As the lock of the bullet-shooting crossbow is being set, 
the metal spring, which was lightened by the nearer approach 
of tire sears P and S, becomes less taut. When the finger 
presses the trigger or the button, this spring suddenly becomes 
compressed and taut, and its action is similar to that of the 
metal spring of the crossbow provided with a revolving nut 
and long lever, but opposite to that of the spring formed by 
the hand and fingers when releasing the strings of a bow. 
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THE BARREL AND BREECH (Crossbow) 


I T has bectt explained that the banel for the arrow of the 
bow and arrow machine is in two main parts, one part 
being formed by the groove made in the left hand by 
the foreshaft of the arrow, and the other part by the grooves 



made in the right hand 
fingers by its butt. 
The human parts of 
the barrel do not 
meet, except perhaps 
sometimes when the 
hands are together 
just before the bow is 
drawn. The fore part 
of the barrel, it has 
also been explained, 
is sometimes partly 
mechanized by means 
of a horn, iron, or 
wooden groove held 
in the hand that holds 
the bow handle- 
The barrel for the 
arrow of the early 
crossbow was prob- 
ably formed by a 
groove cut in the top 
of the stock, and, of 
course, also by the 


Fio, 54. 

CROSSBOW, WITH GROOVE FOR 
QUARREL, XVnthCent. 

Wallace Collection 


left hand of the cross- 
bowman supporting 
the fore part of the 
wooden stock and 


(From a photograph) groove and arrow. 
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The barrel of the early crossbow machine therefore was 
formed in much the same way as the barrel of the bow and 
arrow machine when an arrow runs in a wooden groove held 
by the left hand. The missile in many modern types of cross« 
bow machines similarly rests merely in a groove cut in the 
top of the stock. The arrow of the Fan crossbow, for 
example, rests in a very slight groove in the top of the stock- 
The arrow of the Chinese repeating crossbow also rests in a 
groove in the top of its stock. 

The complete barrel of the crossbow is therefore in two 
main parts, A mechanical part is formed by the fore part 
of the stock with the groove cut in it, and a human part by 
the left hand of the crossbowman. A bed is made in the 
hand and fingers which conforms to the shape of the stock, 
and automatically a good fit of the human and mechanical 
parts of the barrel is obtained. 

By studying weapons with reference to the machinery of 
the body which wields them it can thus easily be seen that 
the barrel of the crossbow or gun has been developed from 
the human barrel of the bow and arrow machine, and that it 
is related to the barrels of all other types of offensive mach- 
ines. If weapons are regarded as objects complete in them- 
selves and are studied without reference to their complement- 
ary parts formed by the body, it is not evident that the arrow 
of the archer has a barrel and breech in which it rests and 
from which it is shot; and the barrel of the crossbow or gun 
appears to be an “invention”. Indeed if the counterparts 
of weapons formed by the body are not noticed and studied, 
the study of weapons degenerates into a vain search for 
“missing links” between different types of weapons, and 
most types of weapons have to be regarded as having been 
invented. However, as is shown in this work, there is no 
need to be reduced to the expedient of accounting for the 
origin of any type of weapon by saying it has been “in- 
vented”. 

Many crossbows combine features of the Turkish archer’s 
horn groove or Egyptian archer’s metal groove and the 
Siamese ardber’s wooden groove, the mechanical part of the 
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barrel consisting of a horn or metal groove sunk in a wooden 
groove in the top of the stock. The complete barrel is then 
rn three main parts. One part is formed by the horn or metal 
groove, another by the wooden stock in which the horn or 
metal groove lies, and the other by the contrivance formed 
oy the left hand. As the left hand grasps the stock, the stock 
makes a bed in the skin and flesh of the Sngers in which to 
lie. If the three parts of the barrel could be separatea with- 
out the hand losing its form, it could be seen that the three 
parts fitted into each other, and that the barrel of a crossbow 
thus consists of mechanical and human parts- 

It is the human part of the barrel that really holds and 
guides the quarrel. The mechanical parts of course can take 
no actions unless they are moved and operated and con- 
trolled by the hand. 

It is difficult to provide a crossbow with a barrel of circu- 
lar section, because the strings must slide along the top of 
the stock. An attempt to overcome this difficulty can be 
seen in the barrel provided for the slurbow, which is slit to 
allow the strings to slide along- The maker of the Ba-kwiri 
crossbow has provided a barrel of circular section for the 
whole of its length, but the barrel is placed beyond the reach 
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of the bow strings. The barrel of the Chinese repeating 
crossbow is fully formed at the muzzle, where the clasps hold 
the box or magazine to the stock- 
However well polished the barrel of a crossbow may be, 
a certain amount of friction is generated between the quarrel 
and barrel as the quarrel is shot There is of course very 
little friction betsyeen the arrow and the hwnan groove of the 
archer. Makers of crossbows tried in numy ways to lessen 
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the friction between the missile and its barrel. One method 
was to make the quarrel of greater girth at one place, say at 
its middle, than elsewhere, so that it rested only at one point 
on the barrel. Another method was to revert more to the 
archer’s type of foreshaft barrel, and allow the quarrel to be 
supported only at one place by a small ivory cross piece 
fastened to the top of the fore part of the stock. The quarrel 
was then shot along or just over this ivory device in much 
the same way as the archer’s arrow was shot over the flesh 
groove in the left hand. The ivory support is clearly a 
modified and mechanical reproduction of the flesh groove, 
and reproduces many of its features. 

The back part of the crossbow’s barrel is formed often 
merely by continuing the fore part as far as the place to 
which the strings are drawn. But in many crossbow mach- 
ines the back part is formed by mechanical fingers which 
copy fairly closely certain devices formed by an archer’s 
right hand fingers as he grips the butt of the arrow. The 
mechanical fingers are provided by the fingers of the revolv- 
ing nut, or barrel as it is often called. 

The fact that crossbowmen call the revolving nut a "barrel” 
is of much interest and considerable importance, for it helps 
to confirm the belief that the nut forms the barrel, or part 
of it. Often the name given to a part of a weapon reveals 
much about the functions of the part, and very often reveals 
the human prototype of the part. Thus, crossbowmen call 
the ends of bow nocks the “thumbs”, and as has been ex- 
plained they are indeed mechanical counterparts of the 
devices formed by thumbs holding string ends. Gunsmiths 
call the fore part of the butt the toe. and its back part the 
heel, and the human prototypes of these parts are thus 
clearly indicated. Names given to parts of crossbows and 
guns, like the stock, butt, butt end. and heel-plate, easily 
reveal the human prototypes of these parts, il^obably the 
resemblances of parts of weapons to parts of the body and 
similarities of methods of working of mechanical and human 
parts have caused wielders of weapons to give them names 
corresponding to names of parts of the body. The theory 
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that parts of weapons are related to parts of the body is 
therefore probably as old as the making of weapons; and it 
is curious that this similarity of names of mechanical and 
human parts has been overlooked by students of weapons 
and its significance never studied. 

It can therefore safely be assumed that the nut forms the 
barrel or part of it, and a little study soon shows that this is so. 

The fingers of the nut point upwards, and the butt of the 
quarrel or bolt is pressed between them. The mechanical 
fingers of the nut then grip the butt, somewhat after the 
manner in which an archer’s fingers grip the butt of an 
arrow; and the nut besides forming a catch to hold and 
release the strings forms a gripping device which successfully 
copies that of the archer. Figure 51. 

That the fingers of the nut are mechanical reproductions 
of the crossbowman’s finger devices can be understood by 
comparing the actions of the crossbowman’s fingers with 
those of the fingers of the nut To place the quarrel in posi- 
tion, the crossbowman grips its butt with his fingers. As he 
presses it between the fingers of the nut, the mechanical 
fingers grip the butt, and release the human fingers from the 
need for gripping it. The mechanical fingers also release the 
crossbowman’s fingers from the need for directly holding 
and releasing the strings and butt 

There can be no great difierence between the gripping 
device formed by the fingers of the nut and the gripping 
device formed by the crossbowman’s fingers; otherwise the 
mechanical fingers could not smoothly and easily take over 
the work of gripping the butt as the crossbowman presses it 
into the nut. 

The butt of an arrow impresses its shape on the archer’s 
right hand fingers; but the opposite effect is produced in the 
crossbow machine when the butt of the quarrel is tapered to 
fit the fingers of the nut As the crossbowman holds the butt 
to press it into the fingers of the nut, it impresses its shape 
on his fingers. But the fingers of the nut, conversely, may 
be said to impress their shapes on the tapered butt, the taper- 
ing being transferred from the mechanical fingers to the butt. 
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A harpoon shot from a crossbow is sometimes tapered at the 
butt, so that it can conveniently fit the nut, and be held by 
it The butt of the Malabar crossbow’s harpoon, for ex- 
ample, is tapered in this way. Figure 43. 

The back part of the barrel of the Belgian crossbow is 
formed by its metal fingers, which form a two-finger type of 
catch for the strings. The metal fingers as they hold the butt 
press against it and the parts in contact with the butt form 
the back part of the barrel. 

The crossbowman places the butt of his bolt between the 
fingers of the nut by pressing on the butt with a finger. There 
is a tendency for the butt to rise from between the fingers of 
the nut, and to prevent this, on some crossbows a small 
whalebone spring is fastened to the stock and is bent over to 
press on the butt. Figure 39. The whalebone spring is clearly 
a crude mechanical copy of the human device formed by the 
crossbowman’s finger as he presses the butt into the nut. The 
whalebone spring, when one is fitted, helps to form the back 
part of the barrel. It presses on the top of the butt of the 
bolt; and the mechanical barrel is then formed on the top 
by the spring, on the sides by the fingers of the nut, and 
underneath by the semi-circular sectioned groove or barrel; 
but the mechanical parts do not join up to form a complete 
cylinder to enclose the butt. 

The breech of the crossbow machine when the missile is of 
the arrow type is often not mechanized at all. or very little 
mechanized, and is formed usually simply by the crossbow- 
man’s right hand as he holds the small of the stock. His 
pahn and parts of the fingers near it surround this part of the 
stock and form a kind of xrouch, or breech, little different 
in form from the pouch made by an archer’s right hand. As 
the human breech is not in contact with the butt of the mis- 
sile. difficulties are often experienced in controlling the 
missile: and in many types of crossbows if the weapon is 
pointed downwards the missile will fall from the barrel and 
leave the strings. 

The arrow of the Fan crossbow will fall off the stock if 
the weapon is jerked or pointed downwards, for the barrel 
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is merely a slight scratch in the top of the stock and there is 
no mechanical breech. Indeed it is so light and small that it 
may be blown off. The Fan crossbowman, however, prevents 
it falling from the barrel, by placing a spot of gum on the 
top of the stock- This makes the arrow and stock fit, or 
correspond, very closely because the arrow presses into the 
gum which then partly surrounds it, and close correspond- 
ence of arrow and top of the stock is thus easily ensured. 
The mechanical part of the barrel is then formed by the 
stock, the groove, and the gum. 

A type of slurbow shoots a spherical ball through a barrel 
which is cylindrical at its fore part, * but the ball is liable to 
leave the strings and roll down the barrel if the weapon is 
pointed downwards. The ball of the early hand gun simi- 
larly was liable to roll down the barrel when the weapon was 
pointed downwards. 

Mechanical parts of the back of the barrel and of the 
breech are formed by the leather pouch of a prodd or bullet- 
shooting crossbow- The sides of the pouch form the barrel 
and the back of the pouch forms the breed), much as in the 
pellet bow machine; but their human counterparts are not in 
contact with them, the fingers being placed round the small 
of the butt, having been transferred away from iheir mech- 
anical counterparts perhaps along devices of the lock. 

A forepart of the barrel of the prodd is formed by the left 
hand, and by the part of the stock held by the left hand; but 
there is no groove in the stock for the bullet to be shot along. 
But mechanical fore parts of the barrel are formed by the 
sides of the pouch when they are forward. The sides of the 
pouch, at the beginning of the drawing of the strings are for- 
ward. and then form mechanical parts of the fore part of the 
barrel. They cease to form parts of the fore part of the 
barrel when the strings are fully drawn, and then form 
mechanical parts of the back part of the barrel. They again 
form parts of the fore part of the barrel as they go forward 
with the missile after release. It will be remembered that 

tSir Ralph Payne-Gallwey, Bt, The Crossbow, 

A. Denunin, Arms and Armour. 
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the fore part of the barrel of the fist machine is somewhat 
similarly formed by a fist which at other times forms the 
back part of the barrel. 

The barrel of the rifle is continuously formed for the 
whole of its length. It is slightly more developed mechanic- 
ally than the barrel of a crossbow, for instead of a barrel of 
semi-circular section, it has one of circular section, which 
completely surrounds the bullet as it travels along the barrel. 
The fore part of the barrel of the rifle machine consists of 
two main parts. A mechanical part is formed by the metal 
barrel and the wooden stock in which it lies, and a human 
part is formed by the left hand fingers in which the metal 
barrel and stock fit The metal barrel fits into the top of 
the stock which is grooved to receive it, and the wooden 
stock fits into the hand which automatically conforms to the 
shape of the parts of the stock with which it is in contact. 

II the wooden stock of a rifle or shot gun or other hand 
gun does not extend to the place where the weapon is held 
by the left hand, the fore part of the barrel is formed only 
by the metal barrel and the left hand in which it lies; and 
the ball or buUet is shot or the pellets are propelled over the 
left hand at a distance above it depending on the thickness 
of the metal of the barrel, which may be only a few hun- 
dredths of an inch. The wielder of a shot gun, rifle, or other 
hand gun, then shoots almost immediately over his left hand 
as the archer always has done; and centuries of develop- 
ments of weapons, which included a change over from 
shooting with the power of bow arms to shooting with the 
power of gunpowder or other explosive, have not altered the 
way the missile is shot just over the left hand. 

The length of the crossbow’s barrel when the crossbow 
shoots an arrow type of missile is the distance between the 
muzzle, or fore end, of the mechanical barrel and the begin- 
ning of the breech. The groove or metal barrel projects 
beyond the left hand, and gives the human barrel, which is 
formed by the hands, a mechanical extension in length. The 
length of the barrel does not change after the strings have 
been drawn. 
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The length of the barrel, however, changes during the 
drawing of the strings. When the strings are drawn by both 
hands with the feet placed on the bow, the back part of the 
barrel is formed by the hands, and the fore part by the feet; 
and the length of the barrel varies during the drawing of the 
strings from its minimum to its maximum length. 

As the strings are drawn by a goat’s foot lever or other 
mechanical apparatus, the distance between the muzzle and 
the right hand varies; and the length of the barrel therefore 
varies. 

The distance of the right hand from the left, or from the 
handle of the bow. of a prodd changes as the lever is being 
pressed down to draw the pouch back; and therefore the 
prodd has an extensible barrel. 

It is difficult to discover if die hand gun machine has an 
extensible barrel. The length of the barrel is constant after 
the wielder’s hands have been placed in position on the 
weapon; but a study of other machines shows it is necessary 
to see if any variations occur in the length of the barrel 
during the generating of the power before deciding whether 
or not the machine has an extensible barrel. If the hands of 
a wielder or other person who generated the power move 
relatively to each other or to the mechanical barrel of the 
/Weapon, the machine clearly has an extensible barrel. Since 
the hands of the early makers of gunpowder did move rela- 
tively to each other as they mixed the gunpowder, it is 
probable that the hand gun has an extensible barrel. 

The length of the barrel of the great gun machine can be 
seen to vary during the wielding of the weapon. When the 
weapon is fired, the barrel moves backwards, and is imme- 
diately afterwards pushed forwards by powerful buffers or 
springs or other contrivances; and during this movement, the 
distances between the muzzle of the barrel and the hands 
of the gunners obviously varies. The great gun machine 
therefore has an extensible barrel. 

The diameter of the barrel of the offensive machine is 
seldom constant along its length. The barrel of an archer, 
for example, is usually of smaller diameter, or bore, at one 
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end than the other, because the arrow is seldom a true cylin- 
der and tapers from one end to the other, often irregularly- 
If the butt is of larger girth than the foreshaft, the bore of 
the back part of the barrel is larger than the bore of the front 
part: and conversely if the butt is of smaller girth than the 
fore part, the bore of the back part of the barrel is smaller 
than the bore of the front part. When the foreshaft and shaft 
arc made separately, the back part of the barrel is usually of 
a uilferent bore from that of the front part. The peculiarities 
in the bores of diSerenl parts of the barrel of the bow and 
arrow machine are closely copied, as might be expected, in 
the bores of crossbow and gun machines. 

The diameter of the middle portion of the strings of a 
crossbow is usually about half an inch, and the diameter of 
the butt of the bolt is also usually about half an inch to 
correspond. The bolt tapers slightly towards the front to an 
increased diameter of about five-eights of an inch.’ Although 
the boll increases in diameter from its butt to its head, the 
groove in which it is placed does not taper similarly. But if 
the bolt is supported at its fore part by an ivory cross piece, 
the diameter of the curve of the oross piece must correspond 
fairly closely to the diameter of the part of the bolt sup- 
ported, and therefore the bore of the front part of the barrel 
will be different from that of its back part- 

The interior of a hand gun barrel is not usually a true 
cylinder, and the bore varies along its length sometimes 
irregularly. In the days of the flint lock gun, sometimes the 
barrels were made “ tight behind that is with the bore 
smaller near the breech, or “ open behind ”, that is with the 
bore greater near the breech. 3 llie middle portion was 
usually a true cylinder, and the fore part tapered with the 
diameter increasing as the muzzle was approached. Later 
it became customary to make barrels as true cylinders, but 
this practice was soon abandoned as unsatisfactory; and then 
the fore half of the barrel was made a true cylinder of a 

a Sir Ralph Payne-Gallwey. Rt., The Crossbow. 

3 Major Sir Gerald Burrard, Bt, D,S.O.. R.F.A.. The Modem 
Shotgun, 
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certain diameter and the back half a true cylinder of a 
slightly smaller diameter, the two halves being joined by a 
taper or cone. This type of barrel resembles the type used 
by an archer when the foreshaft is made of one diameter 
and the shaft of a different diameter. The barrel of the 
modern shot gun is seldom a true cylinder. Also often one 
of its barrels is constricted at the muzde, the constriction 
being called the choke. The barrels of most modern military 
rifles taper towards the muzzle, either evenly or in steps, * 
The barrels of hand guns thus copy many of the barrels of 
the bow and arrow or crossbow* 

When feathered, crossbow bolts usually have three 
feathers, but those used in war two feathers. The feathering 
device sometimes takes the form of three flanges or grooves 
along the length of the bolt, and, according to Sir Ralph 
Payne-Gallwey. the purpose of the grooves is “to take the 
place of feathers and relationships between the feathering 
device of an arrow or bolt and the rifling on a gun barrel 
become evident, for the grooves in a crossbow’s bolt are 
types of rifling, although not made spirally. According lo 
McHardy, “ probably rifling evolved from the early observa- 
tion of the action of the feathers on an arrow and from the 
practical experience of cutting channels in a musket, origin- 
ally to reduce fouling, being found beneficial to the weapon’s 
accuracy.” ’ 

The interiors of some crossbow barrels are said to be 
rifled, * but the ordinary crossbow with a half barrel has no 
rifling on the surface of the barrel. Some sporting shot guns 
are slightly rifled near their muzzles. The modern rifle, of 
course, as the name shows, has a rifled barrel. 

Mechanization allows the number of grooves on the in- 
teriors of barrels to be distorted, and gun barrels may have 
as few as two or as many as twelve grooves. Straight groov- 
ing was applied to fire arras as early at 1480, and grooves 
without twists were made in musket barrels in the 1 6th 

4 hncyolopaedla Britanniea, Article Small Arms. 
s Encyclopaedia Britanniea, Article Ordnance. 
i> H Ommundsen and E. H, Robinson, Rifles and Ammunition, 
and Rifle Shooting; W. W. Greener, The Gun and its Development, 
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century. The rate of spiralling varies in, different types of rifles; 
and is not always constant in a barrel, but may increase or 
decrease along the length of the barrel. The Baker rifle, of 
about 1800, had seven grooves which made a quarter of a 
turn along its 30 inch barrel, or one turn in 120 inches. The 
Mini^ rifle of about 1850, had four grooves which made one 
turn in 72 inches. The Lee-Enfield rifle of the British army 
has five grooves which make one turn in 10 inches. 
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THE MAGAZINE 

T he magazine of the fist machine is not mechanizea, 
but the machine can deliver blows in rapid succession, 
and there is no danger of “ running short of ammuni- 
tion.” Blows cannot be repeated in such quick succession 
when the hst is mechanized say by means of a caestus or 
dub, because the weight of the mechanical parts and in the 
case of the dub machine the need for exerting leverage on 
the mechanical parts tends to prevent quick repetition of a 
blow- The number of blows a slinger can deliver in succes- 
sion depends on the capacity of his bag, and when the stones 
have all been slung, he must refQl it before he can deliver 
mote blows. In an American Indian archery game, the con- 
test is to see who can discharge arrows in quickest succes- 
sion. and as many as ten arrows may be in the air before the 
first has hit the ground.'' The magazine of the Chinese 
repeating crossbow can hold twenty arrows, and it is said ten 
shots can be fired from it in fifteen seconds. Another type of 
Chinese crossbow shoots two arrows each time the lever is 
worked, and the rate of shooting may be twenty arrows in 
fifteen seconds, or double the rate obtainable with the other 
type of crossbow. No other type of crossbow is provided 
with so highly mechanized a repeating action. The U.S.A. 
army rifle, model 17, whose magazine holds five rounds, it 
is said has fired thirty well aimed shots in one minute. 
Mechanization of the offensive machinery by means of a 
machine gun allows a quickening of the rate of delivery of 
blows, but causes the disadvantage that the machine soon 
runs out of ammunition. The rate of fire of a cannon or 
great gun is poor, and usually a considerable interval of 
time must elapse before a blow from it can be repeated. 

, , I G. Gatlin, Manners, Customs, and Condition of the North 
' American Indians. 
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When an archer carries a leather or a metal quiver, he 
does not directly hold the spare arrows, and the work, of 
holding them is directly performed by tire mechanical con- 
trivance of the quiver. The quiver is held by the archer, 
strapped or fastened to his belt, or attached to his body in 
some other way. Indirectly and primarily therefore the 
archer holds the spare arrows; and when a mechanical 
quiver is used, the quiver contrivance is formed partly by 
the mechanical quiver and partly by the body which sup- 
ports it. 

Only the actions of holding the spare arrows are performed 
by mechanical means, and the arrows must be placed in the 
quiver by human actions, and be selected and taken out and 
be fitted to the strings by human acUons; and the fingers and 
hands and other parts of the body of the archer must form 
devices for these purposes. When a quiver is fitted, very 
few of the repeating actions are therefore mechanized’ 

When a Chinese repeating crossbow is used, the actions of 
selecting the arrows from the quiver, or magazine, and fitting 
them successively to the strings are directly performed by 
mechanical means. As soon as an arrow is shot, the one 
which had been next above it in the box, or magazine, falls 
to the bottom of the box, which forms the top of the stock, 
and is then ready to receive the strings. As the lever is 
worked, it pushes the box forward until the strings drop into 
the catch on the stock behind the arrow. As the lever comes 
back, the strings tighten until the box closes down on the 
bottom limb of the stock and the peg is driven up to push 
out the strings to shoot the arrow. Tbe lever is worked to 
and fro continuously until the last arrow ha^ been shot ^ 
The actions of placing the arrows in tl^e box ate performed 
by human means, and are not mechanized; and the Chinese 
crossbowman, like the European rifleman, must place the 
missiles in the magazine himself. 

a Sir Ralph Payne-Qallwey, Bt, The Crossbow; 

The Rev. J. O. Wood, M~A,, FX.S,, etc., The Natural History of 
Man; 

Odonel C. L. Spencer, Glasgow aM West of Scotland Soidety, 
ITih Jan, 1907. 
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The shot gua has ao magazine, but repeating actions are 
obtainable for two shots in succession by the device of 
placing two barrels side by side from which shots can be 
fired in succession; but a double-barrelled gun is really two 
guns placed side by side. Several barrels, which can be used 
in succession, are fitted to the revolver, the fore part of one 
barrel acting as the fore pan of all the back parts of the 
other barrels in turn as the barrels revolve. The rifle nowa- 
days usually has a magazine, which may contain up to about 
ten cartridges, which are .fed into the breech on the same 
principle as the arrows are fed into the breech and barrel of 
the Chinese crossbow- The Chinese crossbowman works the 
lever to and fro to feed the arrows to the barrel; the rifleman 
works the bolt to and fro to feed the cartridges to the barrel. 
The action of placing the cartridge in the breech is directly 
performed by the mechanical device of the bolt of the rifle, 
but indirectly and primarily by the rifleman, who miist pull 
back and push forward the bolt each time he wishes to shoot. 

The magazine cover of the rifle is at the inside of the bend 
of the stock, where the stock and butt meet, and from its 
position corresponds to the scrotum of the wielder. Like the 
human scrotum it projects from the inside of the bend. It 
is about the size of the scrotum; and is evidently a crude 
mochanical reproduction or embryo of it. It is made of 
metal, and does not correspond closely in materials to the 
materials of its human cotmtorpart which are of skin. The 
bullets are held in the magazine cover, and are ejected in 
succession through the tube or barrel which evidently corre- 
sponds to and is a mechanical counterpart and extension of 
the penis erectus. 

The magazine cover, or box. of tbe Chinese repeating 
crossbow, mu koung, is on top of the stock. Figure 47, and 
is transferred from a position bdow to one above the stock 
compared with that of the rifle (Rule 8). It is much larger 
than the -magazine cover of the rifle, and is a very distorted 
and magnified extension of the wielder’s scrotum. But the 
weapon is sometimes widded by two persons, and it may 
therefore perhaps be extensions of the smotums of the 
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wielders combined into a single contrivance. If this is so, it 
is not a very distorted extension. The magazine of the 
crossbow and rifle are both filled from above- 
The missiles of the Chinese crossbow are small arrows, 
sometimes very slightly feathered. They probably corre* 
spend to the human sperms or seeds, as is fairly evident from 
the fact that they are contained in the mechanical scrotum 
and are ejected through the barrel (Rule 4). Rifle bullets 
therefore also must correspond to sperms. Some features 
and actions of the human reproductive organs are repro* 
duced more closely by machine guns and shot guns than by 
the rifle, for the machine gun ejects its missiles in a stream 
or in bursts from the magazine through the barrel When 
a shot gun is used, numbers of small shots, or seeds, are 
ejected from the barrel. 

Qose relationships between the natures of arrows and 
seeds are proclaimed in the well known egg and dart orna- 
mentation which was often a prominent feature of ancient 
architecture and is one which modern builders are fond of 
using. Cupid or Eros with his bow similarly proclaims that 
the dart of love and the arrow of death are the same instru- 
ment. According to Rule U, actions can be exactly reversed, 
and so there need be no difficulty in understanding that the 
death dealing arrow or bullet corresponds to the life giving 
sperm or seed. A bullet is a modified type of arrow, as can 
be seen by tracing the development of the bullet or shell 
from the missile of the early cannon, which it has been ex- 
plained was usually a padded arrow. Gradually the shape 
of the missile was changed into the form of a bullet or shdl 
But “for some years, bolts like crossbow bolts, called 
musquet-arrows, but without feathers, were fired frequently 
from hand guns, both on land and sea-” ^ Some crossbows, 
it can be remembered, shoot bullets and others arrows. 

Having discovered that the magazine case corresponds to 
the scrotum, it cannot now fell to be noticed that the archer’s 
quiver or slinger's bag is often carried or worn in a position 
which reveals its derivation from the scrotum. Thus the 

3 Sir Ralph Payne-Gallwey, Bt.. The Crossbow. 
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archer in Figure i5 carries his quiver behind him, so that it 
is opposite his scrotum, the quiver being transferred from 
the front to the back of his body (Rule 8). The slinger in 
a figure on the Column of Trajan holds spare missUes in the 
folds of his dress, and the part of the dress which holds the 
missiles when allowed to hang down would apparently cover 
the scrotum, Figure 31. 

The Scottish Highlander’s sporran is a type of quiver. 
According to the dictionary the sporran is “ a pouch usually 
covered with fur, etc., worn by Highlanders in front of the 
kilt.*’ Some reasons for its use and form and materials and 
position are obvious. By wearing the typical feminine gar- 
ment of a skirt or petticoat the Highlander feels he has laid 
himself open to the imputation of being a woman. To pro- 
claim to others, and perhaps to reassure himself, that he has 
not lost his masculinity, he gives his scrotum and certain 
other parts associated with it artificial extensions and trans- 
fers them from the inside to the outside of the kilt (Rule 8). 
The sporran reproduces several of the features of the male 
reproductive organs. A discussion of sporrans, girdles, and 
similar devices, however, belongs more particularly to the 
study of clothes than weapons. 

Neither the box of the Chinese crossbow nor the magazine 
cover of the ride reproduces the materials of the human 
scrotum with any fidelity, and correspondence of mechanical 
and human materials is remote. But the archer’s quiver 
reproduces the materials of the scrotum fairly closely when, 
as is usual, it is made of skin or leather. The archer’s quiver 
is always much larger than the human scrotum, and is greatly 
distorted in size. 

*The slinger’s bag sometimes corresponds fairly closely in 

* Some support lor the belief that the slin^er's bag is a mechanical 
form of the scrotum is perhaps given by noticing some similarities of 
ancient names for the bag and scrotum. Ihe Greek word for the 
slinger’s bag was which is nearly the same as rniptv 

which was the name for the scrotum or bag of the testicles. The 
ancient Romans called the slinger’s bag the marsupium; and the 
English word marsupial, which describes animals like die kangaroo 
and opossum which ca^ their young in a pouch, has been derived 
from the Latin word. The word bag or pouch is also used in Eng- 
Ush to describe both the mechanical and human contrivances. 
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shape to the scrotum; and with its stones reproduces botli 
the scrotum and the testes- But when more or less than two 
stones are contained in it, correspondence of the number of 
mechanical testes to the number of human testes is remote. 

Features of the testis and scrotum are reproduced in the 
prodd. the pellet bow, the sling, and the bolas. 

It was explained earlier that certain mechanical counter- 
parts of human parts are thrown by some machines which 
are retained by others. Thus, when the shot putter or stone 
thrower is in action, mechanical counterparts of the fist are 
thrown; but when a club is thrown mechanical counterparts 
of the wielding arm and fist or wielding arms and fists are 
thrown. When the slinger is in action mechanical counter- 
parts of the fist are thrown, but mechanical counterparts of 
the strings of the arm are retained- When the hammer 
thrower is in action, however, mechanical counterparts of 
the strings and fists are thrown. 

Somewhat similarly, mechanical counterparts of the seeds 
are thrown by some machines, but by others mechanical 
counterparts of the testis or of the testis and scrotum are 
thrown. Thus, the prodd or bullet-shooting crossbow throws 
mechanical counterparts of the testis but retains the mechani- 
cal counterpart of the scrotum, that is it throws the ball or 
bullet but retains the bag or pouch. The pellet bow and 
sling similarly throw a mechanical counterpart of the testis 
but retain the mechanical counterpart of the scrotum. The 
widder of a bolas, however, throws mechanical counterparts 
of the testis and scrotum together, for the ball and its outer 
covering of skin or leather are thrown together. 

The bolas consists of one, two. three, or more Balls cov- 
ered with leather or skin and connected by cords- of- thong 
or leather or hide. One type, the somai, has two balls only. 
Another, the achico, has two balls connected to a third ball 
by a longer cord than that whioh connects the other two 
balls. The bola perdida has only one ball. The Eskimo has 
a bolas type of sling for bringing down small birds in flight, 
which has seven or ei^t strings and balls. The ball of> the 
Soulh American two-ball or three-ball bolas is usually about 
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(he sue o[ a urlckel boll, but may be as large as a turnip. 
The Eskimo balls are small and acorn shaped. A boy’s 
conker is a one-ball type of bolas.-* A conker is the seed 
of the horse chestnut and is covered by a natural skin. Since 
the ball of the conker is a seed and its outer cover is of skin, 
and since a conker is a one-ball type of bolas, it is fairly 
evident any bolas ball corresponds to a seed and its covering 
to the skin coveting the seed. The ball of the bolas therefore 
corresponds to the testis and the covering to the soioiuin, 
as is also evident from some similarities of shapes, especially 
in the case of the Eskimo balls, and from the fairly close 
correspondence of materials of the scrotum and bolas cover- 
inga.'for like the testis the ball of the bolas is enclosed in a 
covering of skin or leather, or by a natural skin as in the 
caser of the conker- When a bolas is thrown, as was stated 
above, counterparts of the testis and scrotum are thrown to- 
gether, since the ball and the skin or cover of the ball are 
thrown together. 

The missile of the prodd is not ejected throu^ a barrel 
or tube after the manner of the arrow or bullet, for the con- 
tainer for the missile is in the form of a pouch. This pouch 
corresponds to the scrotum and the bullet corresponds to 
the testis. The bullet is distorted to a smaller size than the 
testis. The ball of the bolas conversely is usually distorted 
to a much larger size than the testis. The pouch of the prodd 
is also smaller th^n the scrotum and is similarly distorted to 
a somewhat smaller size. The missile is contained in the 
mechanical scrotum in a manner somewhat resembling that 
in which the testis is contained in the scrotum. The missile 
of the prodd docs not closely resemble the testis in shape, 
for the bullet is spherical and not oval. The missile of the 
slinger, however, is usually oval, and may resemble the testis 
not only in shape but also in size. The ancient Greek sling 
stone was oval, and about the size of the testis. The sling 
stone of the modern New Caledonian slinger is oval; that of 
the Sandwich Islanders is also oval. It will be remembered 
that the ancient Romans called their sling stones glandes 


4 The Rev. P. H. Francis, M.A,, A Study of Targets in Games, 
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from their resemblances to acorns, which of course are the 
seeds of the oak tree- The slinger throws the mechanical 
counterpart of his testis, but retains the mechanical counter- 
part of his scrotum which is fastened to the strings of the 
sling. 

In previous chapters it was shown that the barrel has been 
developed from barrel devices formed by the hands; the 
pouch, or breech, from the cup device formed by the hand 
to contain and direct a stone or other missile; and that the 
stone is a mechanical reproduction of the hst or parts of it. 
It thus becomes apparent that when human pffensive devices 
are mechanized human reproductive devices are mechanized 
at the same time. When, for example, a crossbow or hand 
gun is placed upright with its butt end on the ground, the 
outline of the reproductive machinery as well as the outline 
of the offensive machinery can be seen. When studying the 
offensive machinery a study is automatically made at the 
same time of the reproductive machinery, and a knowledge 
of one machine gives knowledge of the other. When mech- 
anizing the offensive machinery automatically the reproduc- 
tive machinery is mechanized. Mechanical development of 
the offensive machinery and of the reproductive machinery 
must therefore be simultaneous, and neither can be developed 
or extended without a corresponding development and ex- 
tension of the other occurring. 



Chapter 38 


THE SIGHTS 

I T is difficult, and probably impossible, by direct observa- 
tion to discover how the wielder of the fist, claws, foot, 
head,* body, or other human weapon, aims his blow or 
thrust. But some facts about the human sighting devices 
can be known after a study of the mechanical sights of bows, 
crossbows, shot guns, rifles, and other weapons- 
Some modem bows are fitted with mechanical sights; but 
archers usually will not allow them to be used in competi- 
tions. The sights of the ordinary bow and arrow machine 
are slightly mechanized when the barb or point of the arrow 
is used as the foresight, because the barb or point is a mech- 
anical and not a human device. According to Walrond, “ in 
shooting with a bow the point of the arrow testing on the 
left hand takes the place of the foresight on a rifle, the dis- 
tance between the eye and the forefinger of the right hand 
answering to the back sight.” ‘ Since the point or barb of 
an arrow, as has been explained, is a mechanical reproduc- 
tion of the forefinger or of a knuckle, the human prototypes 
of the sights, it seems, are the sighting devices formed by the 
fingers or knuckles. Probably therefore the sights of the 
wielder of the fists are formed by a knuckle of the left hand 
and a corresponding knuckle of the right hand, and the blow 
or thrust from a fist is probably always directed along file 
line from the rear to the front knuckle- 

*The use of the head as a weapon is described by R. H. Dana, 
in Two Years Before the Mast ! — “ The next little diversion was a 
battle on the forecastle, one afternoon, between the mate and the 
steward. They had been on bad terms the whole voyage, and had 
threatened a rupture several times. Once, on the coast, the mate had 
seized the steward, when the steward suddenly lowered his head and 
pitched it straight into Mr. Brown’s stomach, butting him against the 
galley ...” Another battle is also described, in which the steward 
again used his head as a weapon. 
rCol. H, Walrond, Archery for Beginners, 
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The sight!) of the Andaman bow and anow machine are 
partly mechanized by means of the blade of the arrow and 
barb and seam of the fastening. “ In the c.Ia- (pig»arrow), 
the blade is so fixed as to be m line with the seam of the 
fastening at the end of the shaft, and. whether provided with 
one or more barbs, these are always placed in a line with the 
blade, the seam above referred to being used as a ‘ sight ^ 

Early crossbows had no mechanical sights, and aim was 
taken in a rough and ready way by pointing the crossbow as 
nearly as possible in the direction of the target. The front 
sight of some crossbows is formed by the barb of the quarrel 
as it rests on the stock; and the rear sight by the top of the 
joint of the right thumb as it rests on the stock, the right 
hand being placed round the small of the butt. No part of 
the offensive machine can be fully mechanized, and therefore 
the barb of the quarrel cannot be the complete front sight. 
This is formed by the barb and by the left hand, which sup- 
ports the barb and gives it the required elevation. 

On some crossbows a strip of wood of the width of the 
stock is fastened to the top of the stock, at the place where 
it is held by the right hand. A few grooves of different 
depths are cut in this strip of wood, m one or other of which, 
at the discretion of the wielder, the thumb is placed- To 
aim the crossbow, a sight is taken over the top of the knuckle 
of the thumb to the barb of the quarrel used as a foresight. 
Placing the thumb in one groove gives one elevation, and in 
another a different elevation. 

When a sight is taken over the knuckle of the thumb, the 
back sight is not formed entirely by the knuckle. Comple- 
mentary parts are formed by the groove in which the thumb 
rests, by the strip of wood, and by the hand which supports 
the stock. 

The ri^t thumb, placed on the top of the stock and used 
as a back sight, is replaced by mechanical devices on some 
crossbows. When a whalebone spring presses on the butt of a 
qvtarrd sometlnifes a V-shaped groove is cm in its top parallel 

aE. H. Man, On the Aboriginal Inhabitants of the Andaman 
Islands, 
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lu the axis of the barrel so that the V can be used as a back 
sight- ’ This type of back sight Is clearly related to the 
thumb or forefinger knuckle of the crossbowman, according 
as the thumb or forefinger presses the butt of the quarrel 
between the fingers of the revolving nut, for the whalebone 
spring, as has been explained, continues the action of the 
fingei which pressed the butt into the nut, and takes the 
place of the finger. 

A V-shaped cut is upside down compared with the knuckle 
of the thumb, whose shape resembles rather that of a wide 

A. or caret (Rule 11). A V-shaped notch is often used on 
the back sight of a rifie or other hand gun: and the human 
prototype of the back sight of a gun is therefore the device 
formed by the knuckle of the thumb. 

The front and back sights are complementary devices, and 
some devices found pn the front sights of some weapons are 
found on the back sights of other weapons, having been 
transferred during the process of development of the sights. 
For example, the back sight of a iifie often has a horizontal 
bar with a V-shaped notch cut in it, or a peep-hole in it, and 


( 1 ) 







Fio. 56. 

SIGHTS OF BULLET-SHOOTING 
CROSSBOW 

(i) Front sight 

(ii) Rear sight (front view) 

(iii) Rear sight (side view) 


(lu) the bar can be raised 
or lowered between 
two vertical uprights 
to vary the elevation- 
On a bullet-shooting 
crossbow, however, a 
similar type of device 
is found on the front 
sight, consisting of a 
bead on a horizontal 
thread, which can be 
moved up or down 
between two uprights 
On the bullet-shooting 
crossbow, the bead 


takes the place of the V-shaped notch on the bar of the rifle, 
or of the peep-hole in the bar. The elevation of the crossbow 


3 Sir Ralph Payne-Gallwey, Bt, The Crossbow. 
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can also be varied by using one or other of the three or four 
peep'holes in the back sight, at the discretion of the wielder. 

The manner of sighting over the thumb, as it lay on top 
of the stock, was used by the band gunner for many years; 
and the back sight of the hand gun machine, therefore, before 
it was mechanized, was formed by the knuckle of the thumb, 
which is evidently the human prototype of the modern mech- 
anical backsight 

Although the sights of a rifle help the rifleman to obtain 
the correct elevation, they are incomplete without the human 
elevating devices formed by the body. The main parts of the 
elevating devices must stiU be supplied by the body of the 
rifleman; and the sights are useless unless the left hand and 
the right hand work with them to obtain the elevation. The 
use of mechanical sights allows the rifleman to aim directly 
at the object to be hit; but the left hand must be raised or 
lowered to allow this to be done. The rifleman looks across 
the sights at the object, after estimating its range and adjust- 
ing the sights accordingly, and the left band must be raised 
or lowered the exact distance to allow this to be done. The 
sights of the rifle therefore consist of two main parts; a 
mechanical part formed by the sights, and a human part 
formed by the elevating devices of the hands. 



Chaptbr 39 


THE BLOW GUN 

T here are several varieties of blow guns- The main 
feature of the blow gun, or blow tube or blow pipe as 
it is sometimes called, is a tube through which a pellet 
or a short, slender dart or arrow is propelled by air from the 
wielder’s lungs. The length of the tube varies. In some 
types it is as little as two feet long, in others may be nearly 
twenty feet long. Double barrelled and even triple barrelled 
weapons are sometimes used. * The boy’s pea-shooter is a 
type of blow gun- Blow guns are used chiefly in South East 
Asia and tropical America. 

The sumpitan of Borneo is about eight feet long. Its 
barrel, which is very accurately bored, is about half an inch 
in internal diameter. The sunniitan is a dual purpose weapon, 
and has a bayonet type of spear fastened to its fore end- The 
arrow is seven or eight inches long, and as slender as a steel 
knitting needle. It is padded at its butt with pith or soft 
wood so that it fits tightly into the barrel. The range of the 
weapon is not much more than about forty yards, but the 
arrow is poisoned. The quiver which is made of bamboo 
and holds thirty to forty arrows is stuck in the belt and 
carried at the side. 

Some of the best types of blow guns are made in Guiana. 
One type, the zarabatana, is made in two pieces of semi- 
circular section which are bound together to form the barrel- 
The weapon is heavy. A lighter and very beautitully made 
instrument is the pucima of the Macoushle tribe. ^ 

The pucuna is about eleven feet long, and consists of a 
tube contained in another tube which supports the inner tube 
and keeps it straight. The bore of the barrel is small, and 

I Horniman Museum Handbook, War and The Chase. 

* C. Waterton, Wanderings in South America; 

The Rev. 1. O. Wood, M.A, F.L.S,, etc., The Natural History 
of Man. 
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the arrow which is about ten inches long is padded with wild 
cotton to prevent windage, or loss of air during propulsion. 
The quiver is formed by stringing the arrows on two parallel 
cords and then rolling them into a bundle, the points being 
protected by a kind of wheel- As many as five hundred 
arrows may be carried in the quiver. The arrows are pois- 
oned, and are sometimes feathered spirally with bark to 
make them spin in flight. Their range is about three hundred 
fe.t. 

The barrel of the blow gun is similar in principle to the 
barrel of the gun or crossbow, for it consists similarly of a 
tube of circular section or of two halves of semi-okcular 
section joined together- The pucuna is held with the left hand 
placed palm upwards, and the left elbow is placed against 
the hip. The tight hand is placed palm downwards on the 
barrel, between the left hand and mouth piece. According 
to Wood, “this mode of holding the weapon is exactly similar 
in principle to that which is employed by the rifleman.” The 
from si^t of the pucuna is formed by an acuero seed, and 
its back sight by two teeth of the acouchi fastened in a lump 
of kurumanni wax. 

The power to propel the arrow is obtained by expanding 
the chest, but the hands are not separated during this action. 
The power to propel the arrow from the ordmary bow, it 
win be remembered it was stated, is obtained similarly by 
expanding the chest, the hands being however separated 
during this action- Probably fiiere is no fundamental differ- 
ence between the way the power is generated for the blow 
gun and the way it is generated for the bow. Also probably 
there is no fundamental difference between the way power is 
gmierated for the blow gun and the way it is generated for 
^e ordinary gun, for the widder of the blow gun like the 
wields of the ordinary gun propels his missile with a dis- 
charge of gas, air of oourse being a mixture of gases. 

The barrel is connected to the mouth usually by a mouth 
piece, somewhat resembling the mouth jpiece of a trumpet 
or other similar typeqf musical instrument. The mouth piece 
is a mechanical extension of the device formed by .the 
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wielcier’s mouth; and the mouth piece of the blow gun mach- 
ine is formed by the human and mechanical devices together. 
Much skill and long training are required of the wielder so 
that he can form an effective mouth piece device which will 
combine with the artificial counterpart. The artifloial counter- 
part, of course, is made in the way generations of experience 
We taught the makers is the best for fitting and combining 
with the human device. 

It is evident the artificial mouth piece and the human 
device formed by the wielder’s mouth together form a single 
contrivance. If they do not fit and combine, there will be an 
escape of air, or loss of efficiency in other ways, and they 
will not work together in harmony so that the air from the 
lungs or wind pipe will propel the missile as effectively as 
possible- 

The barrel is connected to the lungs, and acts as a mech- 
anical extension for the wind-pipe. Like most mechanical 
devices it is distorted in shape and is made straight, instead 
of curved as the wind-pipe devices arc curved. Brass musical 
instruments like the trumpet, trombone, horn, and tuba, ace 
curved and resemble more closely in shapes the human vocal 
organs of which they are mechanical counterparts and 
extensions. They arc not made straight like a blow gun, for 
they do not propel a missile which must be aimed; and are 
not extensions of the offensive machinery of the body, but 
of the respiratory and vocal machinery. Their mouth pieces 
are therefore different from although somewhat resembling 
the mouth pieces of blow guns- Their tubes are not of 
uniform bore along their lengths, and magnification of the 
sounds made by the wielder is obtained by increasing the 
bore along the length of the tube and enlarging the end con- 
siderably. It should be unnecessary to point out that the 
musician makes the sounds, and that the instruments can 
make no music until fitted to and working in harmony with 
the lungs, wind-pipe, and other human respiratory and vocal 
devices. 

The fact that the barrel of the blow gun is an extension of 
the wind-pipe devices reveals that the barrel of the gun is 
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also a mechanical lepcoductioa ol and closely related to these 
devices. This cannot easily be seen from a study of the gun 
machine. The missile of the blow gun is connected to the 
reproductive organs more directly, by way of the intestines, 
than is the missile of the ordinary bow or gun- 

Since, as has been shown, the barrel of a gun is closely 
related to the human reproductive organs, and also to the 
respiratory organs, there is evidently a very close relationship 
between the human reproductive and respiratory organs; but 
the author has not advanced sufficiently in the study of 
weapons to know the exact relationship. No doubt some of 
bis readers will be able to carry on the study and make this 
and many other discoveries. 

Although it might seem, at first, that there is little in com- 
mon between the blow gun machine and say the bow and 
arrow or hand gun machine, yet a little study soon makes it 
appear probable that there is no fundamental difference 
between them. A study of the blow gun machine will per- 
haps one day, when the study of weapons is more advanced, 
supply clues which will show the relationships between many 
devices and contrivances of the body which at present are not 
imderstood. 



Chapter 40 


CHEQUERING 

T he small of the butt of a crossbow or hand gun. or 
place where the right hand makes its grip, sometimes 
has sets of lines, or chequering as it is called, cut 
lightly <'n the wood. A purpose of tlie chequering is to help the 
hand to obtain a good grip. The small of the butt of the nine- 
teenth century bullet-shooting crossbow is chequered. Figures 
40, 43, 46. The small of the butt of a shot gun is chequered, 
and the under side of the fore part of the stock which rests 
on the left hand is also chequered, Figure 57. The stock of 
the riHe is not chequered; and the hands must make their 
grips without the help of lines or markings on the stock. 
Chequering can easily be seen to be a crude mechanical 
reproduction of some of the sets of lines or markings of the 
hands and fingers, transferred from the hands and fingers to 
the parts of the stock with which they arc in contact (Rule 

7 ). 

A multitude of markings, or lines, or creases, can be seen 
on the hands and fingers. In olden times the lines on the 
hands received much study; and Dr. G. M. Humphry 
remarks, “The lines upon the palm, or creases formed in 
closing the hand . . . were named with the names of the 
Planets and the signs of the Zodiac; and a science grew up 
akin to Astrology and Physiognomy. Cheiromancy was the 
name given to it; and numerous and voluminous treatises 
were written upon it. We are told that Homer was the 
author of a complete essay upon the lines of the hand . . , ” 
Some study has been given in recent years to the lines on the 
thumbs and fingers; and it is now known that they are differ- 
ently formed for each person’s hands, and that they do not 
change shapes or positions during a person’s lifetime. A 
study of finger prints, as these lines are called, has become an 
essential part of a policeman’s training; for any person can 

I The Human Foot and the Human Hand, 
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bo readily identified il copies of his finger prints have been 
made. A glance at the reader’s own hands and fingers will 
show him that each part of the hand has its own distinctive 
types of markings. 

Chequering oc shot guns usually consists of a set of lines 
approximately parallel crossed by another set of lines 




Fio. 57. CHEQUERING ON A SHOT GUN 
(fl Small of butt 
(ii) Fore part of stock 

approximately parallel, the lines of one set crossing those of 
the other set so that small rhombuses or diamond shaped 
figures are formed- This type of chequering can be seen on 
parts of the hands, for example at the back of the fork of the 
thumb, on the ball of the thumb, back of the hand, back of 
the fingers, and elsewhere: and some of these human chequer- 
ings are close to the mechanical chequerings on the shot gun 
when the hands make their grips. 

Presumably, ideally the markings on a weapon should 
correspond exactly but be opposite to those on the parts of 
the hands in contact with the weapon, so that the mechanical 
markings would fit into the human markings and a perfect 
fit of body and weapon be thus obtained. But the maker 
of a shot gun cannot achieve this ideal, because he does not 
have the pattern of the markings of the user’s hands when 
designing the lines on the stock. Also, the human markings, 
like aU human devices, are extremely complex, and could be 
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reproduced only with difficulty and at considerable expense. 
Also, no two wielders’ hands have the same pattern of mark- 
ings, and the weapon with markmgs corresponding to those 
on a wielder’s hands would suit no one except the wjelder 
for whom the markings had been cut. Furthermore, the user 
seldom grips the weapon twice in exactly the same way, and 
if the markmgs on the stock could be made to ht into those 
on the wielder’s hands on one occasion they would not be 
likely to fit again at a subsequent time. 

Although the maker of a shot gun docs not attempt co 
make the chequerings correspond with any exactness to those 
on the hands, and has to be content with making a distorted 
and simple geometrical copy of them, yet on some primitive 
types of weapons markmgs are made which do correspond 
to those on the wielder’s hands and lit them exactly. Mark- 
ings corresponding to those on the wielder’s hand ate made 
on an Australian spear-thrower which has a lump of gum on 
Its handle, figure 29- If the weapon is grasped before the 
gum is quite hard, or when the gum is soft because of the 
heat of the sun or wielder’s hand, then an exact impression 
of the markings of the wielder’s hand is formed on the gum. 
The markings of the hand and those on the gum then of 
course correspond exactly and fit into each other, and a good 
grip is obtained. A new set of markings is made each time 
a grip is made, and so the weapon has the remarkable prop- 
erty of being automatically provided each time it is used with 
a set of markings which correspond to and fit exactly into 
the human markings of the hand of any person who wields 
the weapon. Clearly, the prototypes of die markings on a 
gun are the human markings on the parts of the hands and 
fingers in contact with the stock. 

Markings of the hands and fingers are faithfully repro- 
duced in mechanical forms on the handle of a cricket bat 
or tennis racket when the handle of the bat or racket is 
covered with rubber; for the pressure of the hand or hands 
causes deformation of the rubber so that it takes the impres- 
sions of the hand or hands. This partly explains why such 
a good grip can be obtained on soft rubber, and why the grip 
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feels sticky. The impressions on the rubber disappear after 
removal of the hand or hands, but this is an advantage, as 
new ones can be made each time the handle is grasped, to 
suit the new positions or forms of the human markings. A 
disadvantage felt as a result of the very close fit of the rubber 
markings and human markings is that there is no ventilation, 
for the rubber is not provided with pores corresponding to 
those of the skin to carry off moisture (Rule 6). 

When the handle of a tennis racket is covered with a length 
of leather wound spurally round it, the chequering is human 
and formed only by the markings on the hand, unless the 
leather is soft enough to lake the impressions of the human 
markings or lines. If the handle of a cricket bat, hockey 
stick, or tennis racket, is bound witli a length of adhesive 
tape, the chequerings of the hands, i.e.. the pattern of the 
lines of the hands, will be reproduced on the surface of the 
tape if the tape is soft enough. The gum on the tape tends 
to fill the human markings and receive their impressions; and 
a good grip is obtained. This type of grip somewhat 
resembles that of the Australian spear-thrower whose handle 
is covered with gum. The human chequerings, or “finger 
prints ” and hand prints, are not plainly reproduced on the 
handle of a cricket bat or hockey stick when it is bound with 
twine or cord, as the binding is too hard to take the impres- 
sions of the markings in the hands and fingers, but perhaps 
microscopic examination might show they are sometimes 
faintly reproduced- 
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THE CARTRIDGE 

T he origins of the cartridge case can be traced back to 
the contrivance formed by the right hand and fingers 
of the archer as he holds the butt of the arrow. The 
cartridge case and the interior of the breech of the bow and 
arrow machine cannot be distinguished as separate contriv- 
ances. They have become separate contrivances in the gun 
machine, but for many years after the first making of fire 
arms no cartridge case was provided, and the interior of the 
breech had to serve also as a cartridge case. Even today the 
form of the interior of the cartridge case of a gun is nearly 
identical with that of the interior of the breech, and the case 
nearly coincides with the interior surface of the breech. 

The cartridge case of the gun forms a typo of mechanical 
skin for the inteaior of the breech and rear end of the back 
part of the barrel. The human prototype of the cartridge 
case is the skin of the right hand palm and parts of the 
fingers near the palm of the archer, that is the skin of the 
human breech and rear end of the back part of the barrel. 

The right hand of the archer forms a bulbous or bottle- 
shaped contrivance on its interior, which has some similari- 
ties to the bulbous or bottle-shaped cartridge case, the neck 
of the human cartridge case being formed round the butt of 
the arrow. 

Two parts of the cartridge case can therefore now be 
fairly dearly distinguished, one the narrow neck endosing 
the butt of the arrow or bullet, and the other the bulbous 
part which encloses the power charge. 

The cartridge case and breech chamber of the rifle mach- 
ine are more regularly shaped than the corresponding 
contrivances of the bow and arrow machine. The fore part 
of the cartridge case of the grm completely surrounds the 
butt of the bullet, and the part in the breech diamber has a 
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regular bulbous form, unlike the human contrivance which 
is very irregularly shaped. The mechanical contrivances are 
distorted for several reasons. It would of course not be 
possible with advantage to make them in the human shapes 
Cor use in gun machines- 

The cartridge case and breech chamber are distorted m 
shapes so that any section is a complete circle; and these 
contrivances thus become closed round the butt of the bullet 
and power charge, and the power can act only towards the 
mouth of the case and along the axis of the bullet and 
barrel. The breech is made very strong so that the case 
cannot expand laterally, although it can expand sufficiently 
to fill the breech chamber and seal the bore. The 
breech of the bow and arrow machine is also strongly 
formed at times, for when drawing the arrow the archer 
exerts much pressure on the butt. 

As the cartridge case expands and seals the breech and 
barrel, it comes still more closely to the form of the breech 
and barrel, and thus automatically forms a more skin-like 
covering for their interior surfaces. 

The breech face, or vertical face of the breech chamber, 
is formed in the bow and arrow machine by the part of the 
strings in contact with the butt of the arrow, or in the pellet 
bow machine by the back part of the pouch- The mechani- 
cal part of the breech block goes forward with the arrow or 
bullet, but its human counterpart, formed by the palm, does 
not go forward. The breech block of the gun does not go 
forward with the missile, but provides the force to drive the 
missile forward, for the exploding charge must press against 
it to drive the missile out of the barrel as a person standing 
against a wall must press against it if he washes to propel 
himself suddenly from it, the wall acting as a kind of breech 
block and indirectly providing the power. 

The wad and breech block are separate conttivmices in 
the gun machine, but cannot be seen as distinct contrivances 
in the bow and arrow machine. The pellet of the pellet bow 
is driven forward directly by the back of the pouch; the butt 
of the arrow by the middle portion of the strings. The back 



THE CARTRIDGE 


455 


part of the pouch or middle portion of the strings, besides 
forming a mechanical breech block, corresponds to the wad 
of the cartridge of a gun, and is a prototype of it. The human 
prototype of the wad is usually some part of the palm or 
parts of the fingers near the palm, as becomes evident when 
the way a missile is thrown by hand is studied. The missile 
is driven forward directly by a thrust from the part of the 
human pouch against which it lies- Thus, if the missile is a 
stone or cricket ball, it will probably be held by the fingers 
against the part of the palm nearest the first two fingers and 
the lower parts of these fingers; and the thrust will be given 
by the device formed by these human parts. Similarly the 
wad of the shot or stone putter is formed where the first 
fingers and palm meet- The wad of the caber tosser is 
formed by both hands, since both hands give the thrust to 
toss the caber. When a sling is used, the human pouch is 
partly mechanized, and the wad is seen as the back part of 
the pouch which directly gives the thrust to drive the missile 
forward; and the right hand does not directly form the wad, 
which is now directly formed by the back part of the leather 
pouch, the right hand being partly released from the task of 
forming the wad (Rule 5). 

The material of the wad of the pellet bow machine is 
usually leather or skin; that of the bow and arrow machine 
may be of hemp, sinew, rattan, silk, or other material, 
depending on the material of the middle portion of the strings 
or on the material with which the middle portion is wrapped. 
The wad of a shot gun cartridge may be of paper, tow, felt, 
or other similar materials. There is therefore some corre- 
spondence of materials between the materials of the wad ol 
the bow and arrow machine and those of the gun machine, 
and when the pellet bow is used and the pouch is made of 
leather or skin between the materials of the wad of the 
pellet bow and the human wad of the stone thrower. A rifie 
cartridge may have no separate wad, and the power may act 
directly against the butt of the bullet; but a thin jute wad is 
sometimes placed against the base of the bullet. ^ 

I Major Sir Gerald Burrard, Bt, D.S.O., R.F.A., Forensic Ballistics. 
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The fingers of the right hand besides forming the back 
part of the barrel and the mouth of the cartridge case of the 
bow and arrow machine grip the butt of the arrow and form 
a cannelure or stabbing device. It is not sufficient merely 
to enclose or partly enclose the butt. It must be held tightly. 
Similarly, it is not sufficient merely to enclose the butt of a 
rifle bullet; it must be gripped by the cartridge case. Usually 
a cannelure, or circumferential groove, is made in the butt 
of the bullet, and the end of the cartridge case is pressed into 
the groove; or the end of the cartridge case is stabbed in 
several places into the butt of the buUet, thus securing it to 
the case and to the breech. The action of pressing the end 
of the case into the circumferential groove or of stabbing it 
at several places into the bullet corresponds to the action of 
the archer in gripping, or stabbing, the butt of the arrow with 
his fingers. SimUarly the action of turning over the ends of 
the cardboard cartridge case of a shot gun to hold the card- 
board disk and thus to hold the pellets to the wad or charge 
corresponds to the action of the archer in pressing with his 
fingers on the butt of the arrow to hold it to the strings and 
power of the bow arms. The action of relaxing the grip of 
the fingers corresponds to the action of tlie turnover of the 
shot gun cartridge case or end of the cartridge case of the 
rifle in straightening to release the bullet or pellets; and the 
action of the arrow in moving forward from the human cart- 
ridge chamber corresponds to the action of the bullet or 
pellets in moving forward from the mechanical cartridge 
chamber. 

It is evident that although makers of weapons have exer- 
cised their skill and ingenuity for several centuries to 
mechanize the breech and gripping devices, yet the principles 
by which bullets or pellets are held to the power mechanisms 
are the same as those by which arrows are held to the power 
mechanisms. Indeed, according to the human prototype 
theory, it is not possible to change these principles. 

The power charge to drive forward a bullet is contained in 
the cartridge case. The power to drive forward an arrow 
from the bow is concentrated in the cartridge case or breech 
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chamber formed by the archer’s fingers. The power from 
the bow arras is concentrated at and transferred to the middle 
portion of the strings, and especially to that portion in con- 
tact with tlie butt of the arrow, this part of the strings also 
forming the wad. As the archer makes his cartridge case 
with his right hand and fingers, he includes within them the 
wad or middle portion of the strings where the power be- 
comes concentrated. The power to drive forward the arrow 
is therefore contained in the archer’s cartridge case and 
breech chamber in much the same way as the power to drive 
forward the bullet is contained in the rifleman’s cartridge 
case and breech chamber. 

There seems little in common between a bow and arrow 
and a gun if these weapons are studied without reference to 
the wielding machinery, and few or no relationships can be 
seen between them. On the contrary, when the bow and 
arrow and hand gun machines are compared relationships 
can quickly and easily be established. It has been shown 
that many of the parts and devices of the bow and arrow 
machine are also parts and devices of the hand gun mach- 
ine, and very little changed in form, and the changes that 
can be observed can be accounted for from the effects of 
further or less mechanization. The only part or device of 
the hand gun machine that has not yet been fully discussed 
is the power. At first, it may seem there is no relationship 
between the power obtained from bow arms and power ob- 
tained from gunpowder. The author has not yet been able 
to advance the study of weapons to a stage when it can be 
proved the power obtained from gunpowder is of the same 
nature as that obtained from bow arms, and that the use of 
gunpowder marks merely another and small advance in 
methods of mechanizing the offensive machinery. But cer- 
tain reasons will be given in the next chapters which may 
incline the reader to think that there was no break in the 
process of mechanizing the offensive machine when gum 
powder was used. 
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CHARGING THE BOW 

W HEN the ordinary bow is drawn, the charge, or 
amount of power, in the bow arms is exactly equal 
to the power exerted by the archer’s body; and no 
greater power than can be exerted by the archer can be given 
to the bow arms. The missile of the ordinary bow machine is 
therefore propelled by one charge of the power of the 
archer’s body. 

An archer when he has drawn the strings cannot by 
repeating the operation put another charge into the bow 
arms, after the manner in which a cyclist can put another 
charge of air into the cycle’s tyre by repeating the pumping 
operation, because the bow becomes uncharged as he 
reverses the operation of drawing the bow, and drawing the 
bow a second time merely recharges it with a similar charge 
to that previously given. 

To draw the ordinary bow several devices or contrivances 
are formed by the archer’s body. The right hand fingers 
curl partly round the strings and form a claw device to grasp 
them. The right arm forms a drawing-arm device to draw 
the claw device. The left arm forms a rod or pole device to 
keep the bow handle at arm’s length as the strings are 
drawn. The left hand and the bow handle together form a 
device to connect the rod or pole detice to the bow arms. 
Probably many other devices and contrivances are also 
formed. 

When the archer lies down to shoot, the claw device is 
formed by the fingers of both hands, and the drawing-arm 
by both arms. If he places one foot against the handle, the 
pole device is formed only by one foot, but if he places both 
feet against it, the device is formed by both feet. 

If the archer stands to shoot, the drawing-arm pulls the 
claw device along the pole device formed by the left arm. 
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If ho lies down to shoot, the drawing-arm pulls the claw 
device along the pole device formed by one foot or both 
feet. The machinery which operates the drawing-arm is 
formed by the body. It is extremely complex, and little can 
be discovered about it by direct observation only of the bow 
machine. But it can be seen, in a general way. that when the 
archer stands to shoot, the power to draw the drawing-arm 
is obtained by separating the hands and expanding the chest; 
but when he lies down to shoot, the hands remain together, 
and power is obtained by straightening the body. 

The strings of the earliest crossbows were drawn in much 
the same way as the strings of the ordinary bow are drawn 
by the archer who lies down to shoot. The crossbowman, 
like the archer, placed his feet on the bow arms, and drew 
the strings with the daws formed by his fingers and the 
drawing-arm formed by his arms. The wooden stock was 
not of much use until the strings had been fully drawn, when, 
instead of continuing to hold them, the crossbowman slipped 
them over a catch or into a groove in the stock. The pole 
device until the strings were fully drawn was formed by the 
feet, but after they had been drawn by the wooden stock. 
The charging appliance of the crossbowman, like that of the 
archer, was formed entirely by the body, and possessed no 
mechanical parts. 

The strings of some modem crossbows are similarly drawn 
by hand. The Fan crossbow, for example, is drawn by 
hand. To draw the strings the Fan crossbowman sits down 
on the ground, puts his feet against the bow. and hauls the 
strings with his hands into the notch on the stock. Figure 41, 
which holds it until it is released by the trigger. But many 
types of crossbows can be drawn only with the help of 
mechanical appliances- Appliances commonly used are; — 
The belt and daws 
The belt, claw, and pulley 
The goat’s foot lever 

A lever incorporated in or hinged to the stock 
The screw and handle 
The wooden lever 
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The windlass 

The craneqnin. 

By means of mechanical appliances the drawing machinery 
of the wielder’s body is partly mechanized, as will now be 
explained. 

The claw and the drawing-arm devices are partly mechan- 
ized when the crossbow is drawn with the help of a belt 
and claws. * The device formed by the foot and bow handle 
is also partly mechanized by means of the stirrup fastened to 
the fore end of the stock. Figure 58. To draw the strings 
the crossbowman places a foot in die stirrup, and the claws 
under the strings, and then straightens his back. The strings 
are slipped on to a catch on the stock, 
and the claws are unhooked, and the 
crossbow is then ready to receive its 
quarrel. 

At the moment of placing the metal 
daws round the strings the crossbow- 
man’s fingers and metal claws are in con- 
tact; and the claw device is then formed 
partly by the metal claws and partly by 
the crossbowman’s fingers. The human 
part of the device of course must 
guide its mechanical counterpart into 
its place round the strings. When the 
metal daws are in position, the human 
part of the device is removed and trans- 
ferred to the end of the cord near the 
belt. The daw device, however, is still 
formed partly by the human claws; and 
the metd daws at one end of the cord 

*For descriptions and illustrations of appliances for drawing 
crossbows see; — 

Sir Ralph Payne-Gallwey, Bt, The Crossbov; 

A. Demmin, Anns and Armour; 

Colonel C, L. Spencer, Glasgow and West of Scotland Society, 
17th Jan. 1907; 

M. Viollet-le-duc, Dictionnaire Raisanne du Mabilier Franeais; 
etc. 



Fig, 38. 

CROSSBOWMAN 
WITH BELT AND 
CLAWS 

Viollet-le-duc 



CHARGING THE BOW 461 

and tlie human claws at the other end together form the 
complete device. 

The drawing-arm at first is formed only by the crossbow- 
man’s arms; but after transferring the human components of 
the claws to the end of the cord near the belt, the drawing-arm 
is formed partly by the cord and partly by the arms. The cord 
gives the arms a flexible extension, and is evidently a crude 
mechanical extension of the cords of the arms. 

Tue foot instead of being placed directly on a bow arm is 
placed on the bar of the metal stirrup, which evidently is an 
extension of the device formed by the bow arm when a foot 
is placed on it. The use of a stirrup prevents injury to the 
fastenings which join the stock to the bow arms, through 
abrasion by the ground. It also allows the crossbowman to 
use the power of his body to greater advantage by allowing 
his foot to be more extended. 

The crossbowman’s hands are not separated during the 
drawing of the bow strings, and power to draw them is ob- 
tained by straightening the body. The machinery which pulls 
the drawing-arm and daws is formed entirely by the body. 
This machinery is extremely complex, and cannot be studied 
directly; but some of its features can be discovered by study- 
ing appliances like windlasses and cranequins. The belt and 
claws appliance gives no mechanical advantage, and only one 
charge of the power of the body can be put into the bow arms 
by means of it. 

Two charges of the power of the body can be put in the 
bow arms when the crossbow is drawn with the help of a 
belt, puUey, and claw. When this appliance is used, one end 
of a cord is hooked or fastened to the belt, and the other end 
is hooked to the stock near the butt. The cord passes round 
a pulley, and the hook of the pulley is placed round the bow 
strings. The crossbowman places a foot in the stirrup, and 
by straightening his body draws the strings on to the catch. 
The cord and pulley are theu unhooked from -the stock and 
bow strings, and the crossbow is ready to receive its quarrel.* 

Crossbows being drawn with belts, pulleys and Claws, can be 
seen in the picture, "TTie Martyrdom of S, Sebastian,” by Polla- 
iuolo, in the National Gallery, London. 
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The hook of the pulley somewhat resembles a bent fore- 
Unger, and to Ut it to the bow strings the a'ossbowmans 
Unger is placed against it, and is kept near it as the strings 
are being drawn. The mechanical and human parts of the 
claw device therefore remain together during the drawing of 
the strmgs, and the human part is not removed and trans- 
ferred to the end of the cord near the belt as when the appli- 
ance described above consisting of a belt and daws but no 
pulley is used. The proximity of the forefinger to the hook 
reveals that the hook and forefinger device are closely 
related, and that the prototype of the hook is the forefinger 
daw. The metal daw is much stronger than its human 
counterpart, and idieves it of the task of directly grasping 
and drawing the bow strings. The human part must guide 
the mechanical part and neither part can be used without the 
other. 

The drawing-arm is formed partly by the cord and partly 
by the crossbowman’s arms. The part of the cord between 
the belt and the pulley forms a flexible extension for the 
right arm, and nearly relieves it of the task of directly exert- 
ing power to draw the strings. The part of the cord between 
the pulley and butt of the stock acts as a flexible extension 
for the left arm. The left arm presses on the butt end of the 
stock; and the left arm and wooden stock together help to 
form the pole device to keep the bow arms near the foot as 
the strmgs are being drawn, the stock being nearly in line 
with the left arm and forming a rigid extension for it. The 
pole device is also formed partly by the right leg which has 
no mechanical extension and acts directly on the oar of the 
stirrup. 

During the drawing of the strings the right hand moves 
towards the left hand a distance equal to the draw of the 
bow, which is usually much smaller than the draw of an 
ordinary bow and may be only a few inches. Power is ob- 
tained therefore not by separating the hands and expanding 
the chest, but by ma^ng the hands approach one another 
and by contracting the chest, actions which are the reverse of 
those performed when a standing archer draws his strings. 
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Because the actions arc reversed they are therefore similar. 
The crossbowman also straightens his body as he draws the 
strings; and this action is similar to that used when an archer 
lies down to shoot. 

The use of a pulley gives a mechanical advantage of two 
to one. A more powerful bow can be drawn therefore with 
the help of this appliance than can be drawn by the help of 
the appliance previously described, and two charges of the 
power of the crossbowman’s body are put into the bow arms 
when the strings are fully drawn. The crossbow cannot 
become uncharged when the crossbowman relaxes, because 
the strings arc then held by the revolving nut or other catch 
on the stock. 

Horsemen could not use a belt and claws, or belt and 



Fio. 59. GOAT’S FOOT LEVER ON A CROSSBOW 
Viallet-le-duc 


pulley and daw; but could use a goat’s foot lever, so called 
from the resemblance of its prong to the hind foot of a goal. 
The prongs are placed over pegs which project from the 
sides of the stock. The two claws of the lever eatch the 
strings, and the crossbowman places his left hand under the 
stock, and his right hand grasps the end of the lever and 
pulls it back to draw the strings on to the nut or other catch 
on the stock. At the end of the lever there is a plate and 
hook for fastening the appliance to the belt before and after 
use. 

By means of a goat’s foot lever a crossbow is drawn in 
much the same way as a bow is drawn when the archer stands 
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to shoot; for the hands are separated and the chest is ex- 
panded to charge the bow arms. Before drawing the sti'ings 
the crossbowman’s right hand is forward, and it is drawn 
back as the strings are drawn. His left hand remains station- 
ary nnder the fore part of the stock. The foot is not usually 
placed in the stirrup, which is used mainly for hanging the 
weapon on a wall. The weapon is held about horizontally; 
and the stirrup and foot device, or one corresponding to it, 
is formed by the pegs over which the prongs are placed and 
by the prongs. 

The metal claws relieve the human claws of the need for 
directly grasping the strings (Rule S). The human part of 
the daw device is formed probably by the right hand claws 
which grasp the end of the lever. The drawing-arm is formed 
by the parts of the prongs and claws between the pegs and 
bow strings. The ri^t arm is given a rigid extension by 
means of the handle of the levbr. 

A lever is incorporated in the stock of some crossbows, 
as in the stone-bow and bullet-shooting crossbow, or jointed 
to the stock as in the Chinese repealing crossbow. The 
stirrup and foot device is formed by the peg and hole, where 
the lever is hinged to the stock. To draw the strings of a 
bullet-shooting crossbow, the left hand is placed under the 
stock which is held about horizontally, and the right hand 
palm presses the button at the end of the lover, the hands 
separating somewhat as the lever is pressed down into die 
top of the stock. When the strings are fully drawn, the lever 
lies in and becomes part of the top of the stock and butt. 
The claws which draw the strings are found in mechanical 
form as the metal linger which hooks into the back of the 
pouch at the middle of the strings. 

Some crossbows are drawn with the help of a long screw 
in a hole drilled in the stock. The hole is drilled from the 
butt through the length of the stock until about the lock. At 
its fore end the screw bifurcates into two claws wliich grasp 
the strings. A handle is screwed on where the screw 
emerges from the butt; and by turning this handle the long 
screw is gradually pulled through the hole in the stock until 
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the strings are fully drawn. The claws are mechanized by 
the claws of the screw, and the drawing-arm by the screw 
itself; and the actions of an archer’s arm and claws are 
crudely reproduced as the screw draws the claws towards 
the butt. 

Some crossbows are drawn with the help of a simple type 
of wooden lever. The handle has a hook which is placed in 
a small stirrup at the fore end of the stock. A piece of wood 
is hinged to the handle a little distance above the hook, and 
its end opposite the hhtge is placed against the bow strings. 
To draw the strings the right hand is placed at the end of 
the lever, and the lever is drawn towards the crossbowman. 
As it is pulled towards him, the hinged piece of wood pushes 
the strings along the top of the stock on to the catch. The 
claws are formed by the parts of the hinged piece of wood 
in contact with the strings, and the drawing-arm by this 
hinged piece of wood. The arm is given a rigid extension 
by means of the handle of the lever. 

The windlass is a complicated appliance consisting of 
claws, pulleys, and cords, with a kind of box to fit on to the 
butt of the crossbow. The crossbowman places his foot in 
the stirrup and winds the cords until he can place the claws 
on the bow strings. He then winds the cords until the bow 
strings are on the catch. The appliance is then removed 
from the crossbow, and the quarrel is placed in position. 



FsG. 60. MILITARY STIRRUP CROSSBOW. XVIth Cent. 
Glasgow Art Gallery and Museums 
(From a photograph) 

The claw device, as the daws are placed on the strings, is 
formed bv the metal claws and by the human daws. After 
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Lhe claws have engaged the strings, the human daws are 
removed and placed on the bars of the handles. The human 
claws, however, still form a complementary part of the 
device, as can be understood from the fact that the human 
daws on the handle bar must provide the force to draw the 
metal daws. The drawing-arm is formed by the cords of 
the windlass, which shorten as they draw the metal claws 
along the stock. The cords act as flexible extensions of the 
cords of the arms. The arms of the crossbowman are given 
rigid extensions by means of the handles of the windlass. 
The handle bars fill the hollows of the fists. The foot and 
stirrup device is in two parts. One part is formed by the 
foot and stirrup, and another part by the box at the butt, 
which is a transferred mechanized part of the device. The 
two parts are at opposite ends of the stock (Rule 8). Very 
powerful crossbows can be drawn by a windlass; and several 
charges of the power of the wielder’s body can be put in the 
bow arms with its help. 

The cranequin is a cog and ratchet appliance. The stirrup 
at the fore end of a crossbow made to be drawn by a crane- 



Fra. 61 , CRANEQUIN ON A CROSSBOW 
Viollet-le-duc 

quin is usually too small for a foot to be placed in it. and is 
used for hanging the weapon on a wall or on a saddle, and 
not for drawing the strings. The foot and stirrup device is 
(oimed by the pegs which project from the sides of the stock 
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and the thick loop of cord or rope which goes round the 
stock. To use the cranequin, the butt of the stock is pushed 
through the loop of cord or rope, and the cranequin is drawn 
along the stock until further movement is prevented by the 
loop coming against the pegs- The cranequin is unwound 
sufficiently for its daws or fingers to engage the bow strings, 
and then wound until the strmgs are drawn on to the catch. 
A lew reverse turns of the han^e release the claws from the 
strings, and the cranequin is then drawn off the stock. 

The human arms which draw bow strings are mechanized 
by means of the ratchet-arm of the cranequin; and the action 
of the human arms in pulling the bow strings towards the 
body is approximately reproduced by the ratchet-arm as it is 
drawn back along the stock. The human claws are mech- 
anized by means of the daws of the cranequin. 

The charging machinery is only slightly mechanized by 
means of a cranequin. for the human arm must turn the 
handle and the body must generate the power. Human 
actions also are required to place the cranequin on the stock 
and remove it. 

The actions of the crossbowman when the cranequin is 
used somewhat resemble those of an archer who shoots 
standing. As the handle is turned the hand is brought back 
and then pushed forward; and several charges of the power 
of the body are given to the bow arms. The cranequin gives 
great mechanical advantage and very powerful crossbows 
can be drawn with its help. It is indeed as powerful as a 
motor car jack, and is constructed on the same principles. 

Usually the handle of a cranequin is about 9 inches long, 
and about 30 turns of the handle are needed to draw the 
strings. ’ The strings of a crossbow are drawn back only 
about five to seven inches; and the draw of a crossbow is 
therefore much less than that of an archer’s bow. 

An archer may draw the strings with two fingers, or with 
three fingers, or wilh four fiingers, or with the thumb alone; 
but if he draws the strings with two fingers, he uses the same 
two fingers to form the catch and uses them to effect the 

I Sir Ralph Payne-Gallwey, Bt., The Crossbo\i>. 
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release. Similarly, if he uses three fingers, or four lingers, 
or the thumb only, to draw the strings, ho uses the three 
fingers or the four fingers or the thumb alone to form the 
catch and to release the strings, in other words, the fingers 
which are used in the charging appliance are used also to 
form the catch and trigger devices, for the archer does not 
change his fingers after drawing the strings. When the 
charging machinery is mechanized, the number of Us mech- 
anical daws usually corresponds to tbe number of the 
mechanical daws, or fingers, of the catch and trigger devices 
of the crossbow for which the charging appliance is made. 
When a belt and claw are used, the claw may have one or 
two fingers, and will usually be drawn back on to a catch hav- 
ing one or two fingers to correspond. The goat’s foot lever 
has two claws, and crossbows which are drawn by it usually 
have a catch with double fingers. Tbe mechanical catch and 
release devices of a crossbow are formed by the same mech- 
anical finger or fingers, and. therefore, the number of fingers 
of the devices must necessarily be the same. The lever of a 
bullet-shooting crossbow has a single metal finger which 
draws the strings, acts as the catch to hold them in the drawn 
position, and acts as the releasing device, and therefore the 
charging appliance and the catch and release devices have 
each the same finger. Windlasses and cranequins usually 
have two fingers, or daws, for drawing the strings, and 
usually draw them back on to a catch having two fingers, or 
claws. 

Certain advantages are gained, but corresponding disad- 
vantages are felt as a result of partly mechanizing the charg- 
ing machinery. A stronger bow can be fitted, and a greater 
charge can be given to the bow. and the strings can then 
exert a greater pressure on the butt of the missile to drive it 
forward; but more time is needed to bring the weapon into 
action. To fit and wind up a windlass needed so much time 
that the crossbowman found himself at a disadvantage com- 
pared with the longbowraan, who could fit and shoot several 
arrows while the crossbowman was fitting his windlass and 
winding his strings; and to protect himself whale winding his 
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crossbow, he was sometimes compelled to place a pavise, or 
large shield, in front of himself. Also, the archer’s charging 
machinery, being formed wholly by his body, cannot be mis- 
laid and is always ready for use. The windlass may be 
mislaid, or its mechanisms may get out of order. Furthermore, 
the archer’s charging machinery exists ready made for him; 
the windlass must be manufactured, and its mantifaciurc 
requires much lime and skill. 

As mechanization proceeds, the time needed to charge the 
offensive machine increases. The wielder of the fist in a few 
seconds can provide the power to drive forward a fist. The 
archer requires a slightly longer time to charge his bow. 
Types of crossbow machines with windlasses or cranequins 
require a long time to charge, because the winding appliance 
must first be made and then be fitted to the crossbow. To 
charge the gun machine requires a very much longer time, 
however, than to charge any type of crossbow machine. The 
time required to charge the gun machine is not, of course, 
the time required to put in a ready made cartridge. It in- 
cludes the time required to mine and refine and manufacture 
the metal of the cartridge case, the time required to assemble 
the ingredients of the explosive, the time to mix them, the 
time to fill the cartridge, and the time to hand it to the 
gunner. 
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GUNPOWDER AND CANNON 

T he archer’s or crossbowman’s arms are partly mech- 
anized and given mechanical extensions by means of 
the bow arms of the weapon; and by studying the bow 
arms and their actions some things can be learnt about the 
human wielding arms as they are formed when wielding a 
bow or crossbow. 

But the human arms or mechanical arms are not the 
source of the power that gives a blow or thrust. The arms, 
human or mechanical, arc parts of the power machinery but 
the main parts are formed farther back in the body itself. 
But how the power is generated, stored, and released, is 
almost entirely unknown. In a general way it can be said 
the power is obtained from food, water, and air, taken into 
the body. Some process of combustion of these materials 
occurs, from which energy is obtained. Various mechanisms 
of the body store the energy, others make it available for 
release, and others release it in the amounts required. Prob- 
ably it is not possible, except in a general way. to know 
much about the power machinery of the body by direct study 
of the body. 

Human types of the offensive machine, like the fist or 
claws machine, release their power noiselessly. The ordinary 
bow and arrow machine also delivers its power almost noise- 
lessly, except for the twanging of the bow strings. The 
Andaman bow and arrow machine however is noisy in opera- 
tion, and “ one of the chief drawbacks to the bows used by 
these tribes is that they cannot be fired in silence, in conse- 
quence of the string striking the lower or convex portion of 
the weapon.” * When a bow is bent, some parts of the wood 


lE. H. Man, On The Aboriginal Inhabitants of the Andaman 
Islands. 
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are in a state of compression, others in a state of tension; and 
it seems the elastic power is stored by the compressed and 
extended parts, and released as they resume their natural 
states. If the bow is bent too much it may break, and as it 
breaks a sharp crack or explosive noise is heard. The mater- 
ials then of course cannot resume their natural states and 
deliver power. The explosive noise as wood is heated and 
bent can bo heard when sticks are placed on a fire, and the 
cracks or explosions are often accompanied by the emission 
of sparks and smoke. The ways the elastic powers of mater- 
ials are stored and released are little understood; but 
probably the power of gunpowder is a type of elastic power 
related to that obtained when a bow arm is bent, and the 
release of the power of the gunpowder is also probably 
similar to the release of the elastic power of wood. 

The hand gun machine differs most markedly from the 
bow and arrow and crossbow machines in not having bow 
arms and strings fastaied to it. But the absence of bow 
arms and strings, as has been staled, can probably be 
accounted for as a result of their transference away from the 
wielders and weapons into the factories which generate the 
power for the gun. 

Mixing gunpowder was a tedious and laborious business; 
and to lighten his labours the mixer often suspended the 
pestle from an elastic wooden arm projecting from a waU or 
over a beam, the arm being fixed nearly at right angles to 
the waU. The elasticity of the mechanical arm raised the 
pestle and thus lightened the work and made it easier. The 
mixer’s arm was given artificial extensions for its rigid and 
flexible parts by means of the wooden arm and the cord. 
The wooden arm and cord with the pestle and mortar can be 
seen in many illustrations of old time chemists’ and alchem- 
ists’ workshops. 

lllustralions of early methods of making gunpowder in 
factories show contrivances which it seems are types of bow 
arms and strings suspended horizontally from walls to which 
the pestles were fastened.* When stamp mills superseded 

♦See Oscar Guttmano, Mommenta Puheris Pyrii. 
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these early factories, the bow arms were still evident. Prob- 
ably they can still be found in modified forms in modern 
factories. Early pestles were sometimes also worked by 
pulleys or other winding devices which were probably forms 
of the windlasses and cranequins of crossbows. 

’I he windlass, cranequin, or other apparatus, together with 
its human counterparts, forms a single machine for transmit- 
ting the power to the crossbow's bow arms. After the power 
is stored in the bow arms, the winding apparatus is removed 
and may become far separated from the crossbow. Thus the 
crossbowman can wind up his weapon at home, and some 
time later when far from home release the power. It is in- 
deed not necessary for him to generate his own power; some 
one else can charge his crossbow for him; and he can then 
propel the missile with power generated by some one else or 
by others. The beginnings of the factory system for gener- 
ating and winding the power can be seen in this procedure. 

The wielder of a gun does not nowadays as a rule generate 
his own power, and others do it for him; and the generating 
and winding machinery is kept in the factory. In the early 
days the winding machinery in factories was fairly simple, 
and probably formed by machines whose parts corresponded 
to the parts of windlasses, cranequins, goat’s foot levers, bow 
arms, and other parts of the winding appliances that were 
used in winding the power of crossbows. Nowadays the 
machines have been considerably modified and made much 
more complicated; but probably they still retain the same 
principles. No new principles are involved when the power 
is generated away from the weapon; for when the winding 
apparatus is placed on a crossbow, the stock and other parts 
temporarily act as parts of the apparatus, and the contriv- 
ances they form can be easily copied by contrivances in the 
factories. 

When gunpowder was discovered and used as a propellant 
it seems some of the power mechanisms of the body were 
partly mechanized in a very erode and elementary way. It 
seems also that by the use of atomic power for weapons the 
process of mechanizing the power machinery h^ been 
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advanced another step; and the use of atomic power reveals 
that the power of the body is obtained by atomic processes. 

Great difficulties were at first experienced in controlling 
and directing the power of gunpowder, and it was many years 
before the disturbances of the offensive machine due to fur- 
ther mechanization of the power machinery could be even 
partly rectified. But gradudly the mechanical stock, barrel, 
sights, and other parts and devices, were assembled with and 
correlated to the mechanical power and came into their 
proper places. Eventually even the trigger, trigger spring, 
and other parts of the lock, took their places in the hand gun 
machine in much the same places as in crossbow, bow and 
arrow, and human machines. 

If an entirely new principle had been introduced by the 
use of gunpowder, then we should have expected that the 
aiming attitude of the rifleman would never and could never 
be similar to that of the archer or wielder of the fists. Yet, 
sometimes, the attitudes of a rifleman and archer when aim- 
ing and of the wielder of the fists are very similar. The 
introduction of gunpowder as the propelling force for the 
missile has not considerably altered the offensive attitude. 
It has not altered, to any degree, the way the missile is sent 
from the right hand to the left, for the missile is still sent in 
a direction from the right hand to the left when a rifleman 
shoots. It has not much altered the way direction and eleva- 
tion are obtained, for the rifleman obtains his direction by 
placing one foot in front of the other towards the direction 
of the target, and his elevation by raising or depressing his 
left hand, exactly as the archer or wielder of the fists obtains 
his direction and elevation, and has obtained them from 
time immemorable. It has not relieved the rifleman’s body 
of the need for forming a stock to support the weapon, and 
act as a pivot or turn-table as he changes the direction of his 
aim. The use of gunpowder indeed has caused few or no 
real changes in the manner of propelling a missile. 

The further mechanizing of the power machinery by the 
use of atomic power has once again occasioned confusion in 
the development of the offensive machine, and at present the 
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new power cannot be combined with the mechanical stock, 
barrel, lock, and other parts; but no doubt m a few cen- 
turies, as happened after the discovery of gunpowder, parts 
will be reassembled and the wieldcr of an atomic hand 
weapon will deliver his blow or thrust in a manner similar 
in principle to that in which the archer, the clubman, or the 
wielder of the fists delivers his blow or thrust. 

The mechanisms of a hand gun are probably mainly 
mechanical extensions of the human mechanisms of the 
wielder. But those of a cannon or great gun are probably 
mechanical extensions of the mechanisms of all the wielders, 
that is of all those who operate it. The shaft of a spear, the 
handle of a club, and various parts of other weapons, have 
been shown to be mechanical extensions often of both arms 
or both fists, the larger girths or bulks or weights of the parts 
being thus accounted for. Somewhat similarly, a great gun 
is probably a mechanical extension of the offensive mechan- 
isms of all its gunners; and also, since the power is generated 
in factories, of parts of the offensive mechanisms of the 
workers in the factories. 

But to show that the parts and devices of a great gun are 
related to the offensive mechanisms of many people is diffi- 
cult and much research work would have to be done to prove 
or disprove this belief. But the following remarks may help 
to show the probable truth of the belief. 

The Chinese repeating crossbow may be wielded by one 
person, but often a boy is employed to feed arrows into its 
magazine. The boy’s body then supplies parts of the offen- 
sive machinery, and his mechanisms work in harmony and 
co-operation with the mechanisms both of the crossbow and 
of the CTossbowman. The crossbow then becomes a mech- 
anical extension not merely of the offensive mechanisms of 
one person but of two persons. Similarly, when a machine 
gun is worked hy two or more persons, as it usually is, it is 
a mechanical extension of the offensive mechanisms of two 
or more persons, as fiie case may be. The maker of the 
machine gun, of course, has so arranged its mechanisms that 
they can form extensions of the offensive mechanisms of 
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more than one wielder. Usually the weapon is made to be 
worked by a definite number of men, each of whom has his 
place near the weapon, and must contribute his particular 
actions: and when the machine gun is in action, all its parts 
and devices work in harmony with those of its wiolders and 
form extensions of parts and devices of the wielders’ bodies. 

Human mechanisms can be distorted to some extent, so 
that, for example, the Chinese repeating crossbow can be 
operated by one man or by a man and a boy. When it is 
operated by one man, his body supplies the human counter- 
parts of the weapon, but when it is operated by a man and a 
boy, the mechanisms of the bodies of the man and the boy 
supply the counterparts. But when a weapon designed to be 
operated by a definite number of men is operated by more or 
less than that number, the human mechanisms are under 
some strain and become distorted. Human mechanisms, of 
course, are under some strain and are distorted when any 
mechanical weapon is being wielded, because the mechanical 
weapon is an imperfect extension of parts of the body, and 
the human mechanisms must distort themselves to form 
counterparts for the weapon. Distortion is reduced when 
the weapon is well designed and especially if it is made for 
a particular person. 

Ways in which the human body can distort itself can be 
seen when a person wears boots or shoes too small for him 
or clothes that do not fit well. Parts of the body are then 
distorted in attempts to use the wearing apparel. Ideally 
boots or shoes or other wearing apparel should be made for 
the wearer so that there may be close correspondence 
between parts of the body and the wearing apparel. Makers 
of weapons like to know the dimensions and physical pecu- 
liarities of the wielder for whom a •weapon is made — 
incidentally thus showing a belief in the human prototype 
theory, or theory that a weapon is made to fit the body — so 
that the dimensions of the parts of the weapon may be 
designed to suit the wielder. Thus, for example, the maker 
of a shot gun or rifle makes the butt of a length to suit the 
reach of the arm of the wielder, and provides a shorter butt 



476 


MECHANICAL BIOLOGY 


lor a wieldcr with a short reach ol arm than he would pro- 
vide for a wielder witli a longer reach. If a hand gun with 
a long bull is wielded by a man with a short arm, he will 
not be able to reach the trigger comfortably, and will have 
to distort parts of his body to operate the trigger. 

A cannon or great gun is not a hand gun, and is made to 
be wielded by several men; and its parts and devices arc 
mechanical counterparts of parts and devices of all its 
wielders. The barrel, for example, does not form a mech- 
anical extension for the barrels of the hands of one wielder, 
but for those of all its wielders, and possibly also for those 
of the hands of the people in the factories who generate the 
power of the weapon. The barrel of a cannon resembles the 
barrel of a rifle and has similar actions. The breech and 
imssile and many other parts and devices aUu are merely 
modified forms of parts and devices of the rifle. There can 
therefore be no doubt that a cannon is a mechanical repro- 
duction and extension of the human offensive machinery. 
But it is most unlikely that it can be a mechanical reproauc- 
tion of parts of the human offensive machinery merely of the 
gunner who applies the match or pulls the lanyard or presses 
the trigger or button to set free the power to propel the 
missile. It does not seem possible that distortion can be 
pushed to such a degree as to allow parts of the offensive 
machinery of one person to be given such massive mechani- 
cal extensions. It is true the barrel and breech and missile 
can be distorted very greatly, as is the case for example in 
the caber tossing machine whose missile is larger in bulk 
than that of most great guns; but distortion has made this 
machine almost useless for offensive purposes, although it 
has important uses as a demonstration machine for purposes 
of study. 

The degree to which distortion can be carried is well illus- 
trated in the lock actions of crossbows. An archer with the 
catch formed by his fingers cannot conveniently restrain a 
power much above 80 lbs. weight. But when the catch is 
given a mechanical extension by means of seers and springs 
and other devices, a crossbowman can restrain a power many 
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times this weight. According to T. T. Hoopes, “ The cross- 
bow’s catch was obliged to restrain a force of five tons or 
more, yet to hold this tremendous force in such easy control 
that it could be released to speed the arrow on its way with 
a slight pressure of the fingers.” ’ Thus, by mechanizing the 
lock, the restraining power of the fingers can be greatly 
magnified, yet without imposing any strain on the fingers. 

The principle of the shell which explodes on hitting the 
ground or after a certain time can be simply explained 
thus: — 

The mechanical part of the fist is transferred to the end of 
the trajectory when a stone is thrown by hand, in accordance 
with Rule 8. When an arrow is shot fi'om the bow, mech- 
anical counterparts of the fist and arm and human rifiings 
and other human parts and devices are transferred to the 
end of the trajectory. When a harpoon is shot from a bow 
its head becomes detached from the shaft immediately the 
creature is hit. Various parts and devices can therefore be 
transferred to the end of the trajectory opposite the wielder 
of the weapon. Part only of the power charge is set free 
when the shell is fired from the barrel of a gun, and a certain 
proportion of it is carried with the shell to the end of the 
trajectory to be set free there, either immediately or after a 
certain time. Certain parts of the timing or percussion devices 
are also transferred, so that this can be done. 

The principle of the time shell is not unlike that of the 
fishing hook in some respects. The fisherman transfers a 
barb to the end of a mechanical extension of his arm or arms, 
and throws it with an attractive bait into the stream or pond. 
It may be a considerable time after the casting of the line 
before the fisherman operates the holding mechanisms by 
pulling on the line to hold the fish. The fish in this case 
supplies the timing mechanisms. The rod forms an exten- 
sion for the rigid and for some of the flexible components 
of the arm or arms, as is evident when it is wielded by an 
expert fisherman. 

a Article, The Double Set Trigger, in A Miscellany o} Arms and 
Armor, Arms and Armor Club, New York. 
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The recoU machinery oC the great gun is partly mccham/'ed 
by the springs, buit’ers, or other contrivances which absorb 
the shock of the recoil and transmit it to the ground and 
restore the weapon to its original position. 'I'he repealing 
machinery is usually very little mechanized, and often is 
nearly wholly human, the gunners lifting the spare missiles 
and placing them in the breech and closing the breech. It 
is much less mechanized than the repeating machinery of the 
Chinese crossbow or rifle machine. The recoil machinery of 
the great gun machine however is usually more mechanized 
than that of the Chinese a'ossbow or ride machine, neither 
of which has any mechanical contrivances like springs or 
buffers to take the recoil and restore the weapon to the aim- 
ing position. 

The fact that the recoil machmery of the great gun. mach- 
ine is more mechanized than that of the Chinese crossbow 
macbmc but its repeating machinery is less mechanized shows 
that the process of mechanization of parts and devices of 
the offensive machine is not uniform. Thus, for example, 
the Ba-kwiri crossbow has been developed mechanically 
sufllciently to possess a five foot long barrel of cylindried 
section and a butt which somewhat resembles that of a 
European musket complete with a small of the butt for the 
hand to grasp, and yet has such a primitive type of release 
that the power must be released by the fingers pushing the 
strings out of the notch in the stock. There has therefore 
been no uniform mechanical development of the barrel and 
stock and release mechanism. As another example, the 
modern rifle has been developed sufficiently to possess a 
barrel of circular section, stock, butt, magazine, sights, and 
many other mechanical parts and devices, and in addition 
the power charge has been developed to a considerable 
degree by the use of gunpowder, cordite, or other explosive, 
and yet the recoil mechanisms are completely unmechanized 
and must be supplied by the body. The fact that theare are 
no mechanisms to take the shock of the recoil of a rifle is 
indeed made painfully evident to the wieldcr if he does not 
hold the weapon correctly to his shoulder so that the body 
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can form and supply the recoil mechanisms ellectively, and 
some practised sportsmen even find it advisable to use a pad 
or other type of mechanical shock, absorber betv/een the 
heel-plate and shoulder. When a pad is used, of course, the 
recoil machinery is slightly mechanized. 

When any part or device is further mechanized, other 
parts and devices usually suffer retrogression in mechanical 
d velopmcnt, and many of them revert completely to human 
forms. The tendency of some mechanized parts and devices 
to revert to human forms when others become more mechan- 
ized is well illustrated in the development of the early gun 
or cannon machine. 

When the power was further mechanized by being obtained 
from gunpowder instead of from bow arms, the barrel and 
breech were mechanized by means of the cylindrical tube 
scaled at one end. The stock and butt were also crudely 
mechanized by means of the trestle or other contrivance on 
which the cannon rested. But the sights, trigger, trigger 



Fig. 62. EARLY CANNON, C. 1313 A.D. 

By permission of the Governing Body of Christ Church, Oxford 
(From a photograph.) 

spring, and most other parts of the lock, chequering, cham- 
fering, cast off and cast on devices, and many other parts and 
devices, reverted to human forms and had to be formed by 
the gunners. Many other parts and devices became almost 
atrophied. The rifling, for example, became nearly atro- 
phied. and for centuries no means could be found for effect- 
ively spinning the missile. Probably the further mechanization 
of the power by use of atomic power will cause most of the 
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pans of the offeasivc machine to revert to human forms or 
to become nearly atrophied. That this is so is proved by the 
fact that an atomic bomb has to be lifted and placed in an 
aircraft and be aimed and released by human mechanisms, 
Probably gradually as centuries pass the human parts and 
devices now mechanized in rifle and other gun machines will 
also become mechanized in the atomic gun machine. 

No doubt it was because so many parts and devices of 
the ofiensive machine reverted to human forms or became 
nearly atrophied that people were deceived into assuming 
that a new method of propelling missiles had been discov- 
ered and that new principles were involved when fire arms 
were first made, for it became difficult to see relationships 
between fire arms and previous types of weapons. Much 
the same thing is happening today. People are being deceived 
into assuming that the discovery of ways of further mechan- 
izing the power, by making use of the power of the atoms 
of materials has resulted in producing new types of weapons. 
But as has been stated, and as the discoveries, which num- 
ber many hundreds, revealed in this work show, no new 
weapon can be invented; and the human oifeasive machine 
was the first atomic weapon and is still the only perfected 
one. 

The trajectory or range of the offensive machine can be 
much extended by mechanization. The range of the human 
offensive machine is not greater than the reach of the hand 
or fist. The range of the wielder of a club is about equal 
to the length of his arm and its mechanical extension. The 
range of some varieties of the thrusting spear machine may 
be sixteen or seventeen feet or more. The range of the simple 
stone throwing machine is a few hundred feet. The long- 
bowman can shoot about three hundred yards, and the Mon- 
golian archer can send a flight arrow eight hundred yards or 
more. The rifleman can throw about a couple of miles. The 
great gun machine can throw its missile to about 150 miles, 
which seems to be about the greatest range the gun machine 
can be made to have, A way of increasing the range almost 
indefinitely was discovered when a bomb was placed in an 
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aeroplane. The aeroplane is not an offensive contrivance 
but can be used as one, and by making use of it the range 
can be increased without apparent limits. 

A result of carrying bombs in aircraft is to distort the 
shape of the trajectory, which is parabolic for many types of 
the offensive machine, although not for all. It is not para- 
bolic. for example, in the case of the boomerang machine, 
and it is straight in the bowls, billiards, and croquet mach- 
ines. The trajectory when a bomb is carried in an aircraft 
becomes flat and even wavy for much of its length. The 
end of the trajectory, however, is always parabolic, for a 
falling bomb describes part of a parabola. When the aero- 
plane is taking off, the trajectory is often nearly parabolic. 
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THE COMPOUND BOW 

T he self bow and the composite bow of the archer arc 
used in modified forms by the crossbowman. But 
the crossbowman also uses the compound bow. This 
IS a bow constructed on the principle of the carriage spring, 



Fro. 63. 

MALABAR CROSSBOW, WITH HARPOON AND LINE 
Hotniman Museum 


and consists of plates which bend flatwise when the bow is 
being used. The Chinese repeating crossbow has a com- 
pound bow. made from three flat pieces of bamboo, which 
overlap each other, the shortest of the three plates being on 
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the inside of the bow. The Malabar harpoon shooting cross- 
bow has a compound bow. made from five pieces of wood 
loosely held together at intervals along the length of the bow 
by bands of string. Figure 63. 

Although the compound bow and composite bow might 
seem at first sight to be constructed on different principles, 
there are certam dose relationships between them, and one 
type of bow is a modified form of the other. The heart, or 
core, of a composite bow is often made from thin fiat strips 
of horn or whalebone, and as many as twenty strips may be 
used. They are glued together to form a solid mass, and 
cannot move relatively to each other. The strips are not 
bent flatwise, but edgewise; and compared with the plates of 
the compound bow are turned through a right angle (Rule 
10). The plates of a compound bow are not glued or rigidly 
fastened together, and can shde slightly along each other 
along their own lengths, after the manner of the plates of 
a carriage spring. 

A compound bow with three plates has three components 
which work together to pull the strings. A composite bow 
with twenty plates has twenty components to work together 
to pull the strings; and each plate contributes its power some- 
what after the manner in which each arm of a tug-of-war 
team contributes its power to pull the strings, or rope. 

The hands of the members of a tug-of-war team form a 
bai'rel and breech for the rope. The barrel and breech are 
formed in much the same way as for a thrusting spear shaft; 
but when there are, say, eight men m a team, the barrel is in 
sixteen parts, and not two parts as when a person holds the 
shaft of a spear. The interior of the barrel is lified, the 
mechanical part of the rifling being formed by the spiral 
grooves on the rope which extend from one end of the rope 
to the other. A rope with three strands is usually used, and 
three spiral grooves are formed along the length of the 
rope and impress their shapes on the insides of the sixteen 
hands; and the spirals of the riflings are continuous through 
the sbeteen hands. The barrel formed for the part of the 
rope held by the other team is similarly in sixteen parts, and 



484 


MECHANICAL BIOLOGY 


the rifling ol the barrel of one loam is continued regularly to 
the barrel of the other team. 

The missile is represented by the tape, or handkerchief, 
tied to the middle of the rope, between the teams; and the 
object of each team is to throw the missile, or pull it, to- 
wards themselves over a line marked on the ground. But 
it may be that the middle portion of the rope, or perhaps 
all the rope, is really the missile, for the tape or handkerchief 
is used mainly to indicate the position of the middle of the 
rope. The rope, and tape also, move in a direction along 
the barrels, and the axis of the rope coincides with the axis 
of the barrels. 

The rope, at each end, is passed over the shoulder and 
round the waist of the end man, and is hitched after the 
manner in which a bow string is hitched to the nock. 

The actions of tug-of-war teams could be approximately 
represented if two compound crossbows were placed on a 
flat surface opposite each other with their stocks in the same 
line and butt ends touching; and the strings were joined by 
a cord drawn tightly. If a tape were placed at the middle of 
the cord, it would be slowly drawn towards the stronger 
crossbow; and the plates of each bow would pull on the cord 
in somewhat the same way as the arms of each team pull on 
the rope. 

The arms of the members of a tug-of-war team pull to- 
gether to throw the tape; and each pair of arms contributes 
its power as each plate of a Malabar or Chinese repeating 
crossbow contributes its power. The pull of one pair of 
arms is not made independently of the pulls made by the 
other pairs of arms of the team, but all pairs pull together 
at the same time. The power is obtained partly from the 
arms and partly from the weight of the men. The hands of 
each man are together on the rope, or nearly together, and 
therefore turning movements may be expected to occur, and 
they may be represented by the movements made when at a 
word of command the members suddenly turn round and 
face away from their opponents. The power is not applied 
evenly but in bursts or impulses, when the coach or captain 
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calls for a heave and then for another heave and so on. The 
force exerted by a team is not at its maximum immediately 
the tug-of-war begins, for a few moments are occupied in 
taking the strain. The force is at a maximum during one of 
the first heaves, for the men are then fresh. They gradually 
become tired, and the tension in the rope becomes less as the 
tug-of-war continues. 

The author has some recollections of having read about 
some tests made by using a spring balance to discover the 
forces exerted in a tug-of-war rope. If expert teams were 
opposed and a spring balance were placed at the middle of 
the rope, or if a team were to pull a spring balance tied to a 
fixed point, the tensions in the rope at different times could 
be noticed, and information could then be obtained about 
the way the power is delivered. If, as has been suggested, 
there are relationships between the actions of a tug-of-war 
team and the arms of a compound crossbow, it should there- 
fore be possible to know how a compound bow delivers its 
power, and therefore also how gunpowder or other explosive 
delivers its power to drive the bullet or shell along the barrel, 
because the principles of all types of offensive machines are 
the same. H therefore we can observe how the power is 
delivered by one type of the machine, we can know bow it 
is delivered by any other type of machine. The tug-of-war 
machine delivers its power in such a way that it probably 
can be easily measured at any moment. It would seem the 
power of gunpowder therefore is not delivered uniformly but 
in bursts or impulses, which are most powerful soon after 
the bullet or shell begins to move, or conversely since actions 
can be reversed perhaps just before it reaches the muzde. It 
would be difficult by direct observation to discover how a 
compound bow delivers its power, and still more difficult to 
discover how a gun delivers its power, for the delivery of the 
power is accomplished so rapidly. But the propelling move- 
ments of the tug-of-war machine are distorted so much that 
they take place very slowly and the way the power of the 
offensive machine is delivered can be studied at leisure. 

The way the atom bomb deUvers its power can also, if 
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the theory of this chapter is correct, be known by studying 
the way the tug-of-war machine delivers Us power. Probably 
ways of discovering how pressures vaiy round an exploding 
atom bomb would be difficult to devise, except by the in- 
direct ways indicated in this chapter. 

It has always been a matter of surprise to most people 
that field athletic sports should for so many centuries have 
held the attention and attracted the studies of scholars and 
athletes. To most people they have appeared pointless and 
meaningless activities. The ancient Greeks devoted much 
attention and study to some of the sports like throwing the 
discus and throwing the javelin, but were unable to discover 
the secret of their fascination. Nobody today can give any 
rational explanation for their fascination. The human proto- 
type theory however has lifted the veil and disclosed the 
secret of their meanings, and has shown they are activities 
of the utmost importance which merely need interpretation. 
One use of these sports, among many others, is to demon- 
strate how the offensive machine works. Bach sport 
demonstrates some principle or principles that cannot be seen 
in any other type of the offensive machine. The tug-of-war, 
for example, shows how the offensive machine delivers its 
power, and we can at leisure study the methods of delivery. 
The caber machine shows how the barrel and missile can be 
distorted. The caber machine also helps to show how the 
power is delivered, and some things were said about this 
earlier in the work. When the study of the offensive mach- 
ine is taken up by others, many of whom will be more 
qualified than the author for the task, we may expect great 
stores of new knowledge to be obtained. 
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THE CLUB AND SPEAR 

I T has been forced upon onr notice that a mechanical 
weapon reproduces not only parts of the offensive mach- 
inery of the body, but also simultaneously reproduces 
parts of the reproductive machinery of the body. An attempt 
will now be made to discover how the reproductive mach- 
inery is mechanized by different weapons. But we ate now 
about to begin to explore a vast field of research whose 
extent cannot be seen but which appears to be almost limit- 
less; and it will not be possible for the author to do more 
than show how this field can be reached and explored. Fuller 
exploration will demand the efforts of a host of students, 
and probably of many generations of students. 

According to Rule 12 the reproductive machinery of the 
body is mechanized simultaneously with the offensive 
machinery, and to the same degree. The first eleven Rules 
help to show how the offensive machinery is mechanized. 
Since the reproductive machinery is mechanized with the 
offensive machinery and to the same degree, it is likely that 
these Rules will apply also to the reproductive machinery, 
and that this is so will become apparent as the reproductive 
piaohinery is studied. But there are certain differences 
between the offensive and reproductive madiines, which 
cause some difficulties in directly applying these Rules to 
the reproductive machinery. For example, a part of a mech- 
anical weapon originates from its offensive counterpart, and 
is at first found near it. But the part of the weapon is seldom 
or never found near its human reproductive counterpart, and 
is usually fat removed from, it But often it can be seen that 
transference has caused this 8q)atation of human and mech- 
anical parts. 

Clues for identifying corresponding parts of mechanical 
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weapons and parts of the reproductive machinery can often 
be obtained by studying the nomenclature of weapons; for, 
curiously, parts of weapons are more often named after parts 
of the reproductive machinery than after parts of the offen- 
sive machinery. Fortunately, also, very often when it is 
difficult to relate a part of a weapon to a part of the offensive 
machinery of the body it is easy to relate it to a part of the 
reproductive machinery. Thus, for example, it is not easy 
to discover the human prototype of the football, but as will 
presently be shown the part of the reproductive system to 
which the football corresponds can at once be known. 

But no doubt the reader will be anxious, having been told 
of this new and vast field of research, to begin to explore it 
at once. We will therefore begin the study immediately, and 
point out general principles as we go along. 

The first weapon we will study will be the dnb. This 
weapon has already been studied with reference to the ofien- 
sive machinery: but now it will be studied with reference to 
the reproductive machinery, and many new facts about it will 
be discovered. 

It has been shown that the typical club with a hitting part 
in the form of a roundish knob is a crude mechanical mode! 
or copy of a fist and arm; and the ways the fist and arm have 
been mechanized and reproduced artificially have been ex- 
plained. Since the round knob and the handle reproduce the 
fist and arm quite recognizably, and the knob gives a blow 
after the manner the fist gives a blow, it seems strange that 
the knob or end of the club is not called the fist and the shaft 
the arm. Instead the knob is called the “head”, and the 
shaft the “handle". At first this nomenclature is inexplic- 
able. But, as mentioned above, nearly always, and perhaps 
always, when a part of a weapon is given a name correspond- 
ing to the name of a part of the body, the name refers to the 
part of the reproductive system represented by that part of 
the weapon. This is so often the case, that it is safe to say 
that the head of a club reproduces, very crudely and in a most 
elementary way, features of the part of the reproductive 
machinery contained in or formed by the head of the body. 



THE CLUB AND SPEAR 


491 


If a club with a roundish head is placed upright, a curious 
circumstance can be noticed. Not only does it have a rudi- 
mentary resemblance to a fist and arm, it also somewhat 
resembles a head on a body; or since the handle is rather 
slender to represent the body, somewhat resembles a head 
on a spine or backbone, or skull on a backbone. This is 
because, besides being a mechanical reproduction of a fist 
and arm, it is also a mechanical reproduction of the part of 
the reproductive system contained in or formed by the head 
and body, or skull and backbone. 

The reproductive system docs not consist only of the 
genital organs, but ramifies all over the body. This is 
evident, say. because all parts of the body with their peculi- 
arities are reproduced in the next generations. Also it is 
known that parts of the body like the head and neck and 
beard which are far removed from the genital organs are 
closely related to and affected by them; because, for example, 
if an animal is castrated, parts like the head and neck and 
beard are affected in shapes and in other ways. There need 
therefore be no surprise that the head and backbone are 
represented in the reproductive system and reproduced by 
parts of a weapon. It will become evident as the work pro- 
ceeds that all parts of the body ate connected to and form 
parts of the reproductive machinery, with perhaps one 
curious exception, this exception being the mammae or 
breasts. 

The mammae are very evidently sexual organs, and one 
would think these organs would be prominently and com- 
monly reproduced by weapons. But this does not seem to be 
the case, and to the auAor’s knowledge these organs or 
glands are not rejjresented on weapons. They are however 
beginning to be reproduced nowadays in mechanical forms 
by milking machines, the container into which the milk 
passes reproducing very clearly the udder of the cow, and 
the rubber tubes cotmected to the teats reproducing the teats, 
and the longer rubber tubes probably reproducing various 
tubes of the nulk glands. The mammae or milk ^ands have 
only recently been reproduced mechanically; and until a few 
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years ago it would have seemed that no mechanical contriv- 
ances corresponded to these glands. Development ol milking 
machines has not proceeded very far, but is likely to proceed 
farther in future, and correspondences between the parts of 
milking machines and parts of the mammae are therefore 
likely to increase and become more evident. A study of 
milking machines with reference to the body of a creature 
would probably reveal many of the secrets of the construc- 
tion and actions of the milk glands, for necessarily each part 
and device of a milking machine is an extension of some part 
and device of the milk glands. This must be so or the 
mechanical and bodily mechanisms could not work together. 
But the author has no specialized knowledge of milking 
machines, and must leave this interesting field of research 
to bis readers. 

After this digression let us return to our study of the club. 
The name “ handle ” given to the shaft which supports the 
head of the club does not immediately provide a due to 
identify it with a part of the reproductive machinery. But 
there is a part of the body galled the handle, viz., the manu- 
brium or Wdle of the toeastbonc. The breastbone will be 
studied later, and it will then be shown it is an extension of 
the backbone, and that therefore the handle of a club corre- 
sponds to the spine or backbone. 

The skull and backbone are dosely related, and there is 
some anatomical evidence to show that the skull is indeed an 
enlargement of one end of the backbone. The bead of a dub 
is often formed as an enlargement or swdling of the end of 
the handle; and the similarities of the relationships of the 
handle to the head of a dub and of the backbone to the skull 
supports the belief that the handle corresponds to the back- 
bone and the head of the club to the skull. 

Now let us study the spear with reference to the reproduc- 
tive machinery, and return later to the study of the club. 

The shaft of a halberd, pike, thrusting spear, or similar 
type of weapon, is intimately related to the shaft contrivance 
formed by the wielder’s backbone. This can be undmtood 
by studying the movements of the shaft and backbone, as 
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the weapon is being wielded. The shaft of the weapon is 
held approximately at right angles to the backbone. To 
elevate the shaft the wielder leans backwards and to depress 
it leans forwards, thus always keeping the shaft of the weapon 
and the shaft of the backbone as nearly as possible at right 
angles. The backbone also forms a kind of axis for the 
machine about which the weapon is turned to tne right or 
left, and the angle through which the axis of the body turns 
is c.iual to the angle through which the weapon is turned. 
Thus, for example, if the wielder faces about and turns him- 
self to meet an opponent at his back, the axis of the back- 
bone is turned through two right angles and the shaft of the 
weapon similarly is turned through two right angles. The 
shaft of the weapon therefore is held always approximately 
at right angles to the backbone shaft, and the backbone shaft 
forms an axis round which the shaft of the weapon is turned. 
According to Rule 10 a mechanical part can be placed at 
right angles with respect to its human counterpart; and 
therefore since the shaft is held at right angles, approxi- 
mately, to the backbone shaft, in all probability the mechani- 
cal shaft is an extension or copy of the backbone shaft 
turned through a right angle. In the offensive system, as has 
been explained, the shaft of the weapon is a mechanical 
counterpart of the arms of the wielder. In the reproductive 
system it is. so it now seems, a mechanical counterpart of 
the backbone shaft formed by the wielder. 

The mechanical shaft reproduces only a few of the features 
of its human counterpart, and the two shafts differ in many 
respects. But although each type of spear shaft reproduces 
only a few of the features of the backbone shaft, yet between 
them the various types of spear shafts reproduce many of its 
features. Each type of spear shaft, as it were, specializes in 
reproducing features that are not reproduced or are not 
prominently reproduced by other types, as will now be 
shown. 

1. The ordinary spear shaft is solid and not hollow: but 
the backbone has a hollow running nearly throughout its 
length. However, certain types of spears ate hollow and 
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reproduce the hollow of the backboae. For example, tUting 
laaces'are often hollow; and bourdonasses are hollow. The 
modern military lance, when the shaft is of bamboo, is also 
hollow, althou^ the hollow is not always continuous, the 
shaft being formed of various vertebrae-like segments, 
whose hollows may or may not be in commimication with 
each oiher. The hollow spear shaft therefore reproduces the 
feature of the hollow of the backbone. 

2. The ordinary spear shaft is in one piece : but the back- 
bone consists of several pieces, or vertebrae, jointed or 
fastened together. The jointed shaft is however represented 
by the bamboo shaft of a lance; but still more closely by 
implements or tools like fishing rods and chimney sweeping 
rods. The parts of a bamboo shaft are not separate, and can- 
not move relatively to each other as the vertebrae can do. The 
joints or segments of a bamboo shaft therefore reproduce 
only certain features of the vertebrae. The joints or seg- 
ments of a fishing rod or chimney sweeping rod however can 
be separated. Frequently the fishing rod or chimney sweep- 
ing rod is hollow, and therefore reproduces also the feature 
of the hollow of the backbone. 

3. The backbone is a fiexible contrivance and can bend : 
the ordinary spear shaft cannot bend. The backbone how- 
ever does not possess a great degree of flexibility, and indeed 
certain of its vertebrae are fused with others and cannot bend 
relatively to each other. The degree of flexibility of the back- 
bone is equalled by the degree of flexibility of the chimney 
sweeping rod. and often exceeded by that of the fishing rod 
and handle of the whip. It is also equalled by that of some 
types of spear shafts, notably by that of the assagai, which 
is made to vibrate and quiver by its wielder. Wood writes 
thus of this assagai: — 

When the Kaffir grasps his assagai, he and the weapon 
seem to become one being, the quivering spear seeming in- 
stinct with life imparted to it by its wielder . . . When thrown, 
the assagai does not lose this vibrating movement, but seems 
to vibrate stronger than before, the head describing a large 
arc of a circle, of which the balance point forms the centre . , . 
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“ The whole look of an assagai in the air is very remark- 
able. and has never been properly represented. All illustra- 
tions have represented it as quite straight and stiff in its 
flight, whereas it looks just like a very slender serpent un- 
dulating itself gracefully through the air.”^ 

The modern athletic javelin also vibrates and undulates as 
it moves through the air, and has some small degree of 
flexibility. 

Although in man the shaft formed by the backbone is a 
flexible contrivance, m some creatures it becomes a perman- 
ently rigid contrivance, as in the tortoise, or a rigid contriv- 
ance on occasions, as in the blind-worm, a creature that looks 
like a snake. The tail of the blind-worm, when the creature 
IS alarmed, becomes so stiff and brittle that a piece can be 
knocked off with a blow from a stick. 

4. The butt of a spear is sometimes provided with a tuft 
of hair or other material, and a whip often ends in a thong 
with a lash at the end : but the human backbone does not 
^d in a tuft or in a thong and lash. But in many creatures 
the backbone does end in a long tail and often is provided 
with a tuft at the end. The tail of a lion for example often 
ends in a tuft; and the spear shaft which mids in a tuft corre- 
sponds to and is probably meant to be a reproduction of the 
shaft formed by a lion’s backbone and tail. Many types of 
weapons correspond more closely to parts of the bodies of 
creatures than to parts of the human body. This indeed is 
what might be expected, on the theory that weapons are 
extremely rudimentary and distorted copies of parts of the 
human body, and especially if as seems likely parts of the 
bodies of creatures are rudimentary and distorted copies of 
parts of the human body and related to corresponding parts 
of the human body in somewhat the same ways as parts of 
weapons are related to corresponding parts of the human 
body. 

5. The shafts of some spears are much longer than the 
shaft formed by the human backbone. The shaft of a Fijian 
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spear may be liiteen leet or more ia length; and correspond- 
ence between the length ol such a spear and the length of 
the human backbone is very remote. But, as stated above, 
parts of weapons often correspond more closely to parts of 
the bodies of creatures than they do to parts of the human 
body; and the backbone in some creatures is longer than any 
spear shaft can usefully be made. The backbone in the whale 
for example is longer than the shaft of any spear. It is pos- 
sible that the limits of distortions of weapons are determined 
by the limits of distortions of corresponding contrivances in 
the bodies of creatures. The author is not prepared to state 
that this is so; but the subject is worth investigating, and the 
study might result in obtaining rules describing the ways in 
which distortions of weapons can occur. 

6. The backbone has projecting spines along its length: 
but the spear shaft is usually smooth. But on many types 
of spears devices like spines project along the length of the 
weapon, often for a considerable distance from the point, 
and reproduce very clearly certain features of the spinous 
processes of the backbone. Usually these spines, or barbs, 
extend from the head. Often they are properly part of the 
head, but it seems fairly certain that on some types of spears 
they extend along the shaft. Occasionally a club has types 
of spines set along its length, which make the weapon seem 
to have vertebrae; but these also perhaps arc usually 
properly parts of the head. A harpoon, which is a type of 
spear, sometimes has a barb, or spine, set on its shaft. For 
example, the harpoon arrow of the Andaman Islands, used 
for shooting pigs, has a barb set on its shaft. However, parts 
of the backbones of some creatures do not have spines, and 
are smooth. The end of the backbone of a frog, its urostyle, 
for example, has no spines, and is smooth. 

It can now be understood that although no spear shaft 
reproduces more than a few features of the backbone shaft 
of a creature, yet many features are reproduced by different 
types of spear shafts or by the shafts of other weapons or 
implements. Each type of mechanical weapon or implement 
indeed seems to specialize in reproducing features of the 
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backbone of a creature which are less clearly or not at all 
reproduced by other types. Thus, the hollow spear repro- 
duces prominently the neural canal or hollow of the spine; 
the assagai and whip and fishing rod reproduce its flexible 
properties. 

It still remains to discover the human counterpart of the 
head or blade of the spear in the reproductive system. 
Nomenclature does not at once indicate the human counter- 
part, but with help from the Rules perhaps it can be 
discovered. 

Figure 64 shows diagrammatically the backbone and cer- 
tain connected parts. The skull or head is at the top of the 
backbone. The sacrum and coccyx are at 
the opposite end, and are formed by the 
lower end of the backbone, and together 
have a somewhat triangular shape when 
seen from the front or back. 

The head and backbone, as we have 
seen, are reproduced by the typical club. 

The typical spear has a shaft which, it has 
been shown, reproduces the backbone. The 
head or blade of a spear is a continuation 
of the shaft and is at its end. It is never 
baU shaped, but often somewhat 
resembles a sacrum, or sacrum and coccyx; 
and possibly therefore the human proto- 
type of the spear head in the reproductive 
system is the contrivance formed by the 
sacrum and coccyx. In the offensive sys- 
tem the head of the spear, as has been 
explained, reproduces the flat hand, either 
with fingers closed or opened. 

The diagram thus represents a club and 
a spear. The backbone forms the shaft for 
the club and for the spear. In the diagram the spear is 
reversed compared with the club; and the head or blade of 
the spear is at the bottom of the shaft, and opposite the head 
of the club. The transference of the head of the spear to the 
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bottom of the shaft is howcv» in accordance with Rule 8 
The author cannot state definitely that the spear’s head 
docs reproduce the sacrum and coccyx contrivance. But 
further evidence that it does so can be given as follows ; — 
Many spears can be found mtermediate in types between 
the broad bladed spear and the spear without a definite head. 
Somewhat similarly, some creatures have a broad sacrum, bin 
in others the backbone is merely a type of straight shaft 
coming to a point at the end of the tail; and intermediate 
types can be found. 

Again, the end of the handle opposite the head of a dub 
often has a part which seems to reproduce the sacrum and 
coccyx. Two examples of dubs with this type of end are 
shown in Figure 65. The handles of some clubs taper to a 

point and they have no broad 
part at the lower end of the 
handle. Many types of dubs 
mtermediate between those hav- 
mg a broad sacrum-like end and 
those whose handle tapers to a 
poml can be found. 

Conversdy. a spear often has 
a knob or other enlargement at 
its butt; and then reproduces the 
sacrum by means of its blade, 
and the human head by means 
of the knob or other enlargement 
of the butt. A darting spear 
which has a knob at its butt is of 
this type. The elephant spear 
whose butt is provided with a 
heavy block of wood at its butt 
to allow it to drop with force 
from a branch of a tree on to an 
elephant passing underneath is 
also of this type. 

Thus it seems many types of 
clubs and spears reproduce both 
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the head and the sacrum, the bead and saaum being at 
opposite ends of the shaft. 

The business end of the spear is often called the head. This 
can perhaps be explained by the circumstance that the head 
of the spear is reproduced in the reproductive system at the 
end of the backbone opposite the head of the creature, the 
head of the spear being m a transferred position (Rule 8), 
compared with the head of a dub. But the broad business 
end of a spear is also often called the blade. This suggests 
that it corresponds to the blade-bone, or shoulder blade. But 
the author does not know if the blade-bone is closely related 
to the sacrum, or whether some types of spears reproduce the 
sacrum and others the blade-bone. 

According to zoologists, “The bones of the trunk and 
head may be regarded as essentially composed of a series of 
bony rings or segments, arranged longitudinally. Anteriorly, 
these segments are much expanded and also much modihed 
to form the bony case which encloses the brain and which is 
termed the cranium or skull.” ^ It was observed earlier that 
the head of a club, when tlic club is made from a single piece 
of wood, is formed by the end of the handle swelling into a 
rounded knob or other enlargement. When the head is made 
separately from the handle, as for example when a stone is 
fastened by thongs to a wooden handle, the head is separated 
from but joined to the handle, in somewhat the same way as 
the skull is separated from but joined to the backbone. The 
thongs which join the stone to the handle correspond to the 
ligaments and other devices which join the skull to the 
backbone, and reproduce some of their features dis- 
tantly. 

Correspondence of materials of the handle of a dub or 
spear to the materials of the backbone of a creature is remote 
when the handle is of wood; but is closer when the handle is 
made of bone. Handles of clubs are not often made of bone, 
but the handles of many implements are made of bone. 
Handles of adzes, for example, are often made of bone. The 
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adze shown in Figure IS has a handle of bone; and the 
handle reproduces the materials of a backbone fairly closely. 
The head of a creatui'e is reproduced by the stone, but cor- 
respondence of materials of the skull and stone is poor. The 
thongs holding the stone to the handle reproduce in a crude 
and distant way the ligaments and other devices joining the 
head of a creature to its backbone. 

One of the main theories of zoologists is that parts and 
devices of creatures like their backbones, skulls, spinous pro- 
cesses, and ligaments joining their skulls to their backbones, 
are related to and modified forms of corresponding parts and 
devices of the human body. It is now clear that parts and 
devices of weapons and other mechanical implements are also 
related to and modified forms of parts and devices of the 
human body, and also reproduce them but in much 
more rudimentary forms than they are reproduced by 
creatures. 

The barb is not represented, to the author’s knowledge, on 
the dub, but is very often seen on the spear and on the 
arrow. The human prototype of the barb in the reproduc- 
tive system can at once be known. According to the 
dictionary, the word barb is derived from the Latin barba, 
the beard. Most spectrs and arrows have a double barb, 
when they are barbed; but on some the barb is single, or on 
only one side of the shaft or head. If a weapon with a single 
barb is examined, the reason for the name barb, or beard, of 
this appendage of the head of the weapon is apparent; for a 
barb on the head of a spear or an arrow resembles the beard 
on the head of a man. The head of the weapon reproduces 
in a diminutive form the head of the wielder, and the barb 
depends from it much as the beard depends from the human 
head or face. 

The barb is usually formed on both sides of the head of 
the weapon. Frequently, and especially on spears, the device 
is distorted so that a considerable number of barbs are fitted. 
For example, an African spear, used for thrusting down the 
throat of a captured chief, is made with a series of barbs for 
a considerable length from the point, some pointing 
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backwards and some forwards, so as to make it impossible 
to be withdrawn. ^ 

The beard is a prominent sexual feature, and obviously 
connected to a part of the reproductive machinery; and it is 
therefore to be expected that it will be prominently and com- 
monly represented on weapons. Only a few features of the 
beard are reproduced by the barb of a spear or of an arrow. 
Other features of the beard however are reproduced by the 
feathers of an arrow, as will be explained later in the chap- 
ter on the bow and crossbow. 

3 The Rev. J. Q, Wood, M.A, F.L.S,, etc., The Natural History 
of Man. 
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GAMES IMPLEMENTS 

M any parts of the human reproductive machinery 
are reproduced by parts of weapons or implements 
used m games. Often the parts reproduced can at 
once be known from their names. 

Several parts of the reproductive machinery are reproduced 
by the tennis racket, and the parts reproduced can be known 
from the names given to parts of the racket. The hitting 
part of the lawn tennis racket is called the head, and the part 
within the frame the face. The part of the racket where head 
and handle meet is called the throat; and the lower parts oi 
the frame extending from the throat to about one half or one 
third of the way round the frame are called the shoulders. 
The extension of the wieldcr’s arm is called the handle or 
stem. 

If the racket is placed upright, it can be seen that the parts 
mentioned above are in the same relative positions to each 
other as corresponding parts of the body; and that the racket 
has a rudimentary resemblance to a head, face, throat, and 
shoulders, above a body or backbone formed by the handle 
or stem. The parts of the reproductive machinery repro« 
duced by a lawn tennis racket are therefore the head, face, 
shoulders, throat, and backbone. The frame of the racket 
reproduces the frame of the head. 

The parts of the racket have been so named because they 
do have some resemblances in shapes and actions to the 
shapes and actions of the parts of the body after which they 
are called, and because they are in the same positions rela- 
tively to each other as corresponding parts of the body. This 
method of naming parts mi^t be regarded as fandful and 
without significance. This view could be maintained if only 
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a few implements received names corresponding to names of 
parts of the body: but since it is almost the universal practice, 
among civilized and uncivilized peoples, to name parts of 
weapons, instruments, and machines, aftex parts of the body, 
this view becomes untenable, and can be shown to be wrong 
now that it has been shown there arc deep and sufficient 
reasons for the nearly universal use of this type of nomen- 
clature. Further, it will be seen that when, as is often the 
case, there is a double system of nomenclature for weapons, 
one system then refers to the offensive machinery and the 
other to the reproductive machinery. This cannot be the 
result of chance or coincidence. 


When the shaft of a lawn tennis or badminton racket is 
made of steel and bifurcates, the throat of the racket repro- 
duces the two tubes of the throat, the wind-pipe and gullet. 
In the offensive system, it has been explained, these two tubes 
or rods correspond to the two bones of the forearm, the 
radius and the ulna. 

The nomenclature of the golf club is at first confusing, 
because two different systems are used. In one, names corre- 



Fio. 66. HEAD OF A GOLF CLUB 


Spending to the 
upper parts of the 
body ate used, in 
the othm* names 
corresponding t o 
the lower parts. 
Since, as has been 
said, the part of the 
club below the shaft 
corresponds to the 
foot, it seems reas- 
onable that one part 
of it should be 
called the “ toe ”, 
another the “heel ”• 


Names without brackets 
refer to the offensive machinery. 

Names within brackets 
refer to the reproductive machinery. 


and the bottom the 
“sole”. But the 
hitting part is called 
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also the head,* and its plane surface the face, the part corro 
spending to the toe in the other system is culled the nose in 
this system, and the bent or crooked part of the club where 
the shaft joins the head is called the neck. Now since the 
head, face, nose, and neck of the player never come into con- 
tact with or come very near the liitting part of the club, 
probably the second system of nomenclature refers to the 
parts of the reproductive machine reproduced by the club, 
which therefore reproduces certain features of the head, face, 
nose, neck, and backbone, the shaft reproducing the back- 
bone. The club at times is fairly close to or alongside the leg 
and foot; and perhaps the names toe, heel, and sole refer to 
the parts of the offensive machine reproduced. A golf club 
placed with its hitting end upwards obviously reproduces 
the outline of the head and backbone with the nose and face 
and neck as well. Placed with the hitting end downwards it 
also somewhat resembles the shaft of a leg, with the toe, 
heel, and sole reproduced distantly but distinctly as well. 

The head and face are thus reproduced by more than one 
type of weapon or implement, since for eicample the lawn 
tennis racket and golf club both reproduce these parts. They 
are however differently reproduced by tlie different weapons. 
The lawn tennis racket reproduces the head merely as a flat 
oval — a kind of front view: the golf club reproduces mote 
its solid form. The face is also differently reproduced by 
the racket and the club. This is probably because each type 
of implement is developing to reproduce certain features or 
aspects of the reproductive machine that the other does not 
so well reproduce, each specializing as it were in reproduc- 
ing particular peculiarities or aspects. Both implements 
reproduce the spine, but in different ways. It should be 
noticed the golf dub does not reproduce the throat or the 
shoulders, for no part of the club is called the throat or the 
shoulder: and the lawn tennis racket does not reproduce 

*Ths Badminton Library, Volume "Golf," in its Glossary of 
Terms defines the head of a club as follows: — "This word is a 
striking specimen of incongruity and mixed metaphor. A head is 
the lowest part of a club, and possesses, among other mysterious 
characteristics, a sole, a heel, a toe, or nose, a neck, and a face!" 
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the neck or nose, nor does it reproduce any features of the 
foot, and is apparently not directly related to the leg and 
foot, as is evident also since it is not placed alongside the 
leg and foot. Neither implement reproduces the barb or 
beard or blade. 

The part of the reproductive machinery represented by the 
football can at once be known from the fact that the inner 
part of it is called the bladder. Strutt, describing the foot* 
ball of his day. writes: “The ball was commonly made of 
a blown bladder, and cased with leather.” The inner part 
of the ball is therefore undoubtedly derived from the bladder, 
but is not directly derived from the human bladder but from 
that of an animd. An animal’s bladder however has most 
of the essential features of the human bladder, and can 
represent it very closely. The leather case serves to sdllen 
and protect the bladder, and evidently corresponds to the 
muscular ooverings of a creature’s bladder. 

It is said by some authorities that the Rugby football is 
oval in shape because it preserves the shape of an animal’s 
bladder, more or less. Thus one writer says, “ The original 
football . . . was a bladder ... As bladders are not round, 
but oblong, we at once have the origin of the oblate Rugby 
Union ball.” The writer goes on to say that it is incorrect 
to think the Rugby football is made oval merely for the 
convenience of carrying it. * The spherical Association foot- 
ball and the ellipsoidal Rugby football are developing in 
different ways; and are speddizing to reproduce different 
parts or features of the bladder. But it is difficult from a 
study of such very rudimentary models of human parts to 
know how they are specializing. According to the Encyclo- 
paedia Britannica, the human bladder is seldom distended 
so as to hold more than about 10 ounces. ^ If the capacity 
of the average person’s bladder is taken as 10 ounces, a 
simple arithmetical calculation shows that the Association 
football of maximum size allowed at present by the rules of 

^B, T. Sachs, Article Football, in Outdoor Games and Recreor 
lions. 

s Article, Urinary System. 
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the game, that is one having a eircumferenee of 28 inches, 
has a capacity or volume very nearly 22 times that of the 
human bladder. This suggests the football bladder is a com- 
bined contrivance representing all the bladders of the 22 
players in thfc game. The Rugby football is of slightly larger 
capacity; but there is not the same close correspondence 
between the capacities of the bladders of the 30 players and 
the capacity of the ball, as is the case with the Association 
football and the 22 players. Possibly this is because the 
Rugby football is being devdoped to reproduce the shape, 
but the Association football the capacity of the bladder. 
These statements however should not be regarded as certain, 
but as little more than speculations. 

When an animal’s bladder was used, the two ureters, or 
tubes which lead the urine from the kidneys to the bladder, 
were very faithfully reproduced, at least for small portions of 
their lengths; and the urethra, or tube which leads the urine 
away to an opening of the body, was also faithfully repro- 
duced; because portions of these tubes were retained and 
formed the openings by which air was blown into and let out 
of the bladder. These three tubes arc represented in the 
modem football by the sin^e tube through which air is 
pumped into and let out of the bladder. 

The tube of the modern football bladder combines into one 
device the three tubes of the old time football bladder, and 
one tube now represents the three tubes of the human blad- 
der, It can be noticed that some creatures have tubes which 
in other creatures are combined into one tube, or yet again 
in others are represented by a greater number of tubes. Thus, 
in most creatures food is t^en in through a mouth and waste 
material is ejected through an anus; but in many creatures, the 
sea-anemone for example, waste material is ejected through 
the opening through which food is taken in; and the mouth 
and anus axe represented by a single tube or opening. Or 
again, in the frog the excrement, urine, and spermatozoa, are 
all discharged through a common aperture; but in man the 
excrement and urine are discharged through separate open- 
ings of the body. 
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It might be thought that because formerly the bladder was 
taken from an animal but is now merely an arlihcial one of 
rubber that the course of development of the football bladder 
is away from and not towards closer correspondence to the 
bladder of the player. But this is not so. because the bladder 
taken from an animal when placed in the football is dead, 
and the course of development is to try and reproduce feat- 
ures of the live bladder. It is impossible to resuscitate a dead 
bladder; and the only method of eventually making a live 
bladder is to start ab initio, by trying to reproduce at first 
merely one or two of its features with some sort of accuracy, 
as for example its shape or capacity or materials. Nature 
cannot be copied directly, and in order to copy nature’s con- 
trivances man must first decompose them, and then try to 
rearrange them. Thus, until recently man has always used 
the limb of a tree or the bone of an animal as an extension 
of his arm when making say a club or adze handle. Bui he 
has now become more content to give his arm an extension 
say by using a steel shaft; and nowadays golf club shafts and 
lawn tennis racket handles are frequently made of steel. Or 
as another example, man has for ages tried to reproduce the 
skin of the foot by making a boot or shoe of leather; but is 
now starting less ambitiously by using synthetic materials 
like rubber. The use of synthetic materials docs not there- 
fore signify that man is developing his materials away from 
ploser correspondence to the materials of nature. It could 
be said that until recently nature lent man materials because 
be was incapable of making his own, but that now she is 
beginning to force him to make his own. By composing his 
own materials, he will in time learn the seorets of nature's 
materials. 

The tube of the modern football bladder is sealed to pre- 
vent the escape of air, by being bent over on itself, and then 
being bound with twine or string to keep it bent The method 
of bending the tube over on itself reproduces distantly the 
method by which the fluid in the human bladder is prevented 
from returning to the kidneys; for the bladder as it fills com- 
presses the ureter tubes against diemselves and thus seals 
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them, the action having some resemblances to the action of a 
valve. The valve of the pallone ball acts somewhat on this 
principle. The way to make the pallone valve has been thns 
descaribed by Dr. A. L. Fisher:— 

“ Take three round pieces of the hide of which the ball is 
composed, each the size of a halfpenny; punch a small hole 
in the middle of two of them, and leave the third entire. 
Place them one over the other, the two perforated ones being 
uppermost. Then sew them all together by the stitch used 
to unite the leather thongs which compose the trace of a 
carriage harness. This seam must be at a quarter of an inch 
from the edge, and should only comprise three quarters of 
the circumference, the last quarter being left intact. This 
done, and two pieces of bide of the inner and outer coat to 
which the valve is to be fixed having been selected, punch a 
hole through the middle of each, then sew in the round pieces 
with the boles corresponding to those in the coats. By this 
arrangement, when the parts composing the ball have been 
put together, if the air be pumped into the ball from without, 
after passing through the four holes, it will, on arriving at 
the unperforated third piece, be diverted laterally into the 
cavity of the ball, and this same entire piece, being pushed 
forcibly outwards by the pressure of the air from within, will 
stop the holes in the two perforated pieces, and prevent the 
escape of air from the interior of the ball,” 

A study of the action of the pallone valve shows that air 
is prevented from escaping in dmost the same way as the 
urine is prevented from escaping back through the ureter 
tubes to the kidneys. In the ball the pressure of the air 
causes the leather of the unperforated piece to be pressed 
against a perforated piece, thus sealing the opening. The 
ureters enter the bladder obliquely so that the muscle of the 
bladder wall nips them when the bladder contracts and so 
prevents the urine flowing back to the kidneys. The urine 
can then escape only through the third tube, the urethra. 

There is some correspondence between the length of the 
tube of the modem football bladder and the length of the 
human urethra tube. Correspondence is fairly dose in the 
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case of the female urcthta, which is about H iuches long; but 
less close in the case of the male tube, which is about 8 
inches long. 

To seal the bladder of the nmdcrn football, the person who 
has pumped the air in must bend the tube over on itself and 
then bind it with string or with a rubber band or other 
material. But the person who pumps air into the pallone 
b!ill does not directly have to seal the valve, because the 
pressure of the air witoin the ball seals it. Indirectly of course 
he does seal it. because the valve is sealed throu^ the pres- 
sure of air caused by his pumping actions. The valve of the 
modern football is therefore sealed with a conscious action, 
but the valve of the pallone ball with an unconscious action, 
the mechanisms of the pallone valve working however in 
sympathy with the actions of the pumper. 

The pallone ball does not consist of a bladder and a 
leather case, but has merely two cases; and may be said to 
have no bladder, although since the inner case is air ti^t 
it acts somewhat like a bladder. The inner case, however, 
probably is not strictly a bladder, and the two cases repro- 
duce merely the muscular coats or casings of the bladder of 
a creature, as is evident from the materials of the cases which 
reproduce fairly well the materials of the muscular cases of 
the bladder of a creature but do not reproduce those of the 
bladder itself. Dr. A. L. Fisher’s description of the ball is 
as follows:— 

“ The Pallone as used in Italy at the present day (1871), 
is a heavy ball of five inches in diameter, made of two coats 
of cowhide inflated with air. This cowhide has simply been 
divested of its hair by steeping in lime water, without having 
undergone any part of the process of tanning. In this state 
it is of a dead white colour, exceedingly soft and flexible, and 
remarkably tough. The inner coat of the ball is composed 
of four pieces of hide of a lozenge form, which when sewn 
together form an irregular sphere. The outer coat is com- 
posed of eight triangular pieces, which for greater accuracy 
are cut out with a triangular punch, of which the three sides 
are slightly convex. These eight pieces, when sewn together, 
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present on inflation a perfect sphere . . . The sowing of the 
ball is an operation of great importance . . for everything 

in the game depends upon the ball being perfectly air tight, 
Independent of the careful sewing this end is ensured by 
sleeping the ball afterwards in water, which causes the hemp 
to swell and close the holes made by the stitches . . . When 
a Pallone is properly inflated, it ought to weigh twelve ounces, 
and such is the degree of elasticity imparted to it by the 
highly compressed state of the air, that if it fall from a 
height it will rebound within a few inches, to the point from 
which it fefl.” 

If we arc correct in thinking the pallone does not repro- 
duce the bladder and reproduces merely the muscular coats 
of the bladder, perhaps an explanation can be given for Dr. 
Fisher’s failure to provide it with a bladder. In his interest- 
ing and valuable treatise he describes at some length his 
attempts to make a pallone ball with a bladder of rubber 
and only one coat of leather or hide. He interested an Eng- 
lish rubber manufacturer in the project; but the attempts 
ended in failure; and it seems Dr. Fisher was trying to force 
development of the pallone ball along difleront lines, to pos- 
sess characteristics of the bladder as well as of the outer 
muscular coats, whereas it seems the pallone ball is essenti- 
ally a reproduction of the muscular coats only and should not 
reproduce the bladder also. Whether pallone players would 
have accepted and used a ball with a bladder, if Dr, Fisher 
had been successfiil in his project, cannot bo known. 

The Association football, the Rugby football, and the pal- 
lone ball, it is clear are being developed to reproduce differ- 
ent features of the bladder. Possibly the Association football 
reproduces or preserves espemally ^e capacity of the mech- 
amcal bladder in relation to the capacity of the human 
bladder; and the Rugby football the shape of the mechanical 
bladdw: in relation to the shape of the human bladder. The 
Association football and the Rugby football both reproduce 
the feature of the bladder encased by a muscular covering or 
coat. The human bladder however has a covering of several 
coats. The Association and Rugby footballs reproduce only 
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one coat by means ol the leather case. The feature of several 
casings or coats is however reproduced by the pallone ball 
which has two coats, and curiously no bladder. It might be 
said the makers of the Association football leave the busi- 
ness of reproduemg the shape ol the bladdei to the makers 
oi the Rugby football, who leave the matter of the lelation- 
ships of the volumes ol the ball and human bladder to the 
makers of the Association football. The makers of the 
pallone ball specialize in reproducing the muscular coats of 
the bladder, and also the feature of the automatic valve 
device of the ureters, and leave the business of reproducing 
features of the bladder almost entirely to the makers of the 
Association and Rugby footballs. This tendency to special- 
ize m reproducing certain features only of parts of the body 
and of makers of mechanical contrivances of avoiding tres- 
passing on the preserves of makers of other types of 
mechanical contrivances can be noticed over the whole held 
of mechanical production, it is encouraged and enforced 
sometimes by the taking out of patents; but is as strongly 
marked among makers of primitive implements like clubs, 
spears, and bows and arrows. A study of this phenomenon 
would show there is law and order in discovery and develop- 
ment of mechanical contrivances. This interesting held of 
study however is a vast one, and is another one which must 
be left to the author’s readers. 

The makers of the pallone ball also seem to specialize and 
to have a monopoly in reproducing the appearance and tex- 
ture of the human skin in the material of the ball, as can be 
understood from the followmg note which Dr. Fisher gives 
about the resemblance ol the skin of the ball to the human 
skin:— 

“When I was experimenting on the manufacture of the 
Pallone Balls in the year 1852, a skilful workman whom I 
had employed, after working on them for two or three days, 
suddenly conceived the idea that they were made of human 
skin, and refused to have anything further to do with them. 
Certainly the resemblance between the two was very strik- 
ing.” 
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Other types of the hollow ball are the lawn tennis ball and 
table tennis ball; and there are also many other types. All 
seem to reproduce the bladder in dillcrent ways; but the 
author has not discovered the particular features of the 
bladder reproduced by these other balls. 

Three other mam types of balls can be distinguished. The 
first of these is the solid ball, represented by such balls as 
the croquet ball, billiard ball, sling stone, and musket ball. 
None of these reproduces the bladder, for none of them has 
a hollow cavity which is a mam feature of balls reproducing 
the bladder. The billiard ball, sling stone, and musket ball 
probably reproduce features of the testis, each reproducing 
certain of its features. The oval sling stone reproduces 
especially the shape and size of the testis. The scrotum is 
reproduced by the leather pouch of the sling in which the 
stone is placed and contained. The billiard ball does not 
reproduce the shape of the testis so well. The scrotum is 
reproduced in a very distorted form by the billiard table 
pocket. The croquet ball and bowl seem too large to bo 
reproducing the testis; but the author does not know if some 
other part of the reproductive system is reproduced by those 
large solid balls. 

The next type is the stuffed ball, represented by tlio old 
tennis ball and old golf ball and old stoolball and the modern 
cricket ball. These perhaps reproduce the testis and 
scrotum, the inner part or core representing the testis and the 
cover the scrotum. 

The last type is the ball with a covering of rubber or other 
material, whose inner part is formed mainly by long lengths 
or strips of materials, usually rubber, coiled or wound into 
a ball. This type is represented by the golf ball which cer- 
tainly reproduces the testis and the scrotum. The structure 
of the core of the golf ball corresponds with fair fidelity to 
the structure of the testis. The testis is formed by a mass 
of much coiled tubes or tubules; and it has been estimated 
that the total length of the seminiferous tubes in the two 
^ands is little short of a mile. ^ The golf ball’s core is not 

3 Encyclopaedia Britannka, Reproductive System. 
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made of rubber tubes, but from flat rubber strips, which 
nowadays arc often almost shreds, but the total length of the 
strips docs not equal the total length of the tubes of the testes; 
but correspondence of structures is unmistakable. The goli 
ball does not reproduce the oval shape of the testis. It there- 
fore reproduces the interior structure of the testis fairly well, 
but its shape only poorly. The scrotum is rcpiodticcd rather 
poorly by the hard rubber covering of the ball. The ball 
used in a Belgian variety of golf played towards the end of 
the last century did reproduce the shape of the testis fairly 
well, for it was “ egg-shaped.” It was a solid wooden ball 
and did not reproduce the interior structure of the testis as 
well as it is reproduced by the modern golf ball. 

* The Badminton Library, Golf. 
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M uch help can be obtained from nomenclature in 
discovering the human counterparts of the sword or 
dagger in the reproductive system. Figure 67 shows 
diagrammatically the breastbone or sternum, rts parts have 
popular names and also scientific names. The scientific names 
have been given because of resemblances of the breastbone 
to a sword or dagger. The breastbone does not much 
resemble a modem sword, but has a close resemblance to 
some swords used in classiod times. 

The upper part of the breastbone is called the manubrium, 
the latin word manubrium being equivalent to handle. The 
middle portion is called the gladio* 
[v] lus, a word related to the Latin word 
YY gladius, a sword. The point or end is 

called the xiphoid bone or the xiphistcr- 
— G- num, from the Greek word xipho.s, a 
sword. It is also called the ensiform carii- 
I lage, from the Latin words onsis, a sword 

V X and especially a Gaulish broadsword, and 


Fifl. 67. forma, form. 

DIAGRAM The common or popular names for pans 
BREAsraoNE Weapons nearly always provide reliable 
M. manubrium; identifying parts of the body 

G, gladiolus; to Which the parts of the weapons corre- 
X, xiphistBrmwn. spond. Unless it is maintained that 
scientific nomenclature is merely fanciful, it is to bo ex- 
pected that it will similarly provide clues for identifying the 
parts of the body to which parts of weapons or other 
implements coirespond. Scientific nomenclature is probably 
fairly reliable, provided it has stood the test of long usage 
and general acceptance, a test also of the accuracy of any 
system of nomendature. The scientific names given to the 
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parts of the breastbone have passed this test, and therefore 
m all probability point unerringly to the parts of the body 
to which parts of the sword or dagger correspond. 

The breastbone is approximately parallel to the backbone, 
and connected to it by the rib bones, the breastbone and 
backbone being at opposite ends of these bones. If Rule 8, 
which says that parts of the offensive machine can be trans- 
ferred to opposite ends of other parts with which they arc 
in contact, holds good also for the reproductive machine, it 
IS evident the breastbone is a counterpart or modified copy 
of part of the backbone transferred to the ends of the ribs 
opposite the backbone. Hence, if parts of a sword corre- 
spond to parts of the breastbone, they correspond also to 
parts of the backbone. That is, the sword is derived directly 
'from the breastbone and indirectly from the backbone, and 
corresponds to both these human contrivances. 

The breastbone is a modified counterpart probably of only 
the parts of the backbone to which it is joined by ribs, be- 
cause no other parts of the backbone are transferred across 
or along bones to the breastbone. If this is correct, the 
breastbone is a counterpart of only those parts of the back- 
bone between the highest rib and the lowest rib which join 
the backbone to the breastbone, that is it is a counterpart of 
only the upper ten thoracic vertebrae. 

In some creatures a breastbone is not reproduced. Thus, 
a snake has no breastbone, and no parts of the backbone arc 
transferred across the ribs to form a breastbone. The breast- 
bone in some creatures is not a rigid contrivance, but is in 
several separate but jointed parts. That of the rabbit, for 
sample, consists of seven bones, called sternebrae. Counter- 
parts of the backbone are transferred as a rigid contrivance 
in many creatures. In the tortoise, they help to form the 
solid plate, or plastron, under the body. In birds, the 
sternum is developed into a large boat shaped contrivance, 
with a developed keel, which is a prototype of the keel of a 
boat, as its name reveals and as a study of nautical imple- 
ments and contrivances would soon show. 

A study of the structure of a tortoise helps to reveal the 
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prototypes of parts of certain types of shields. Part.s of some 
'weapons, offensive and defensive, and other mechanical im- 
pleinenls, as has been said, correspond more closely to parts 
yjf the bodies of creatures than they do to parts of the luiinan 
body. A Zulu shield reproduces very closely certain features 
of the body of a tortoise. Its dimensions, however, are deter- 
mined by the dimensions of its wielder. 

The Zulu shield under discussion is shown in Figure 68. 
A backbone is formed by the long stick or shaft; a head by 

the knob at the top. Spin- 
ous or transverse processes 
of the backbone are repre- 
sented by the dai’k lines 
at the sides of the shaft, 
which are formed by 
slits in the hide of the 
shield. Thongs are passed 
through some of these to 
hold the shaft and the skin 
of the shield together. The 
lower end of the shaft ends 
in a point, so that when the 
warrior is tired of carrying 
the shield, he can stand it 
upright in tlie ground. 

The width of the shield is 
about the width of the 
body. When placed upright, according to Wood “ the shield 
ought to be just so tall that when the owner stands erect, bis 
eyes can just look over the top of the shield, whffc tlie end 
of the stick reaches to the crown, of his head . . . the upper end 
of the stick has an ornament upon it. This is made of the 
furry skin of some animal, which is cut into strips ... and 
the strips are wound upon the stick in a drum-like shape." 
Since it is a rule that mechanical parts are always placed or 
held as near their human counterparts as possible, the 
human counterparts of the parts of this shield can easily be 
known. The furry knob at the top is opposite the wielder’s 



/. G. Wood 



THE SWORD AND SHIELD 517 

head, and is evidenlly a crude representation o£ it; but repro- 
duces it very poorly as regards materials and shape. The 
shaft or pole reproduces the wielder’s backbone; and the 
black marks or slits represent transverse processes of the 
spine. The oval ox-hide represents the skin of the wielder’s 
body, and is an artificial extension of it, serving the useful 
purpose of directly receiving the thrusts of the opponent’s 
weapons, which otherwise might have to be received dhectly 
by die wieldet’s skin. The part of the shaft below the shield 
is an artificial reproduction of the contrivance formed by the 
wielder’s legs. That this is so is shown by the fact that when 
being used the shield is supported by the human legs, but 
by the mechanical leg device when it is “ used as a rest, on 
which the shield can stand whenever the owner is tired of 
carrying it.” The human leg contrivance is formed by two 
legs; but in the shield the reproduction of the human legs 
is fused into a single contrivance as the lower part of the 
shaft or pole. 

The Zulu shield also fairly closely reproduces certain 
features of a tortoise’s body. In the tortoise the backbone 
is fused to the shield, or carapace, and the backbone and 
carapace become a single contrivance; which is fairly well 
reproduced by this Zulu shield. The tail of the tortoise, or 
rather the skeleton of its tail, is represented by the lower part 
of the shaft which projects beyond the oval hide. The tor- 
toise’s shield servos as a protection and guard against its 
enemies; and both shields are therefore used for similar 
purposes. 

In some varieties of the Zulu shield, the ox-hide instead of 
being oval has a very pronounced waist, giving it the shape of 
an hour-glass, the waist of the shield corresponding in shape 
and height to the waist of the widder. In the shield shovra 
in the illustration, the waist is indicated by the two small in- 
dentations at the sides of the oval of the ox-hide. As the 
waist becomes more developed, correspondence of the shape 
of the shield to the shape of the carapace of a tortoise be- 
comes less evident but becomes correspondin^y more close 
to that of the outline of the human body. A shield with a 
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very pronounoed waist perhaps reproduces more closely the 
separate thorax and abdomen of insects, which have wasp- 
waists. 



Chapter 48 


THE BOW AND CROSSBOW 

T he shaft of aa arrow in the offensive system, it has 
been shown, forms an extension of the right arm of 
the archer; the head of the arrow an extension of the 
ffst or of one of the knuckles; the barb an extension of the 
device formed by a bent finger; and the feathers an exten- 
sion of the rifling devices of the fingers. 

The human counterparts of the bow and arrow in the 
reproductive system are much easier to discover; and most 
of them can at once be known by inspection. Thus, if a 
bow and arrow is held so that the butt of the arrow is lowest 
and Its head uppermost, the outline of the human body with 
arras outstretched can be distantly seen. The shaft then 
reproduces tlie backbone or spine; the head of the arrow 
reproduces the head of the archer, as the name "head” 
shows; and the barb reproduces certain features of the 
beard. The feathers as will soon be explained also repro- 
duce features of the beard; but they are in transferred 
positions and are at the bottom of the spine, or shaft, of the 
arrow instead of at the head. Probably, but the author is 
not certain of this, the bow strings reproduce features of the 
spinal cord, the spinal cord being turned through a right 
angle compared with the spine, represented by the shaft of 
the arrow. 

The barb is usually made of metal or flint or bone or other 
hard material, and does not reproduce very well either the 
materials of the beard or the number of its component parts, 
or hairs; and may be said to reproduce merely the shape of a 
beard. The barb is not in a transferred position compared 
with the head of the arrow, for its depends or hangs from 
the head, but compared with the wielder's beard it is of 
course in a transferred position. 

519 



5iO MECHANICAL BIOLOGY 

Several characteristics of the beard, which are not repre- 
sented by the barb at the head of the airow, are represented 
by the barbs at the butt, formed by the barbs of the feathers. 
A feather has a considerable number of barbs, each set on 
the butt of the arrow in much the same way as the barb at 
the fore part is set on the arrow’s head. Each barb of the 
feather is set on the butt at an angle and inclined backwards; 
and as it depends from the butt has a rudimentary resem- 
blance to a hau' of a beard depending from a face. Since the 
vane of a feather is formed by a great many barbs, there is 
therefore probably sometimes a fairly close correspondence 
between the number of hairs, or barbs, on an arrow and the 
number of hairs or barbs on the widder’s face. Also, along 
the length of each barb of the feather, there are numbers 
of barbules, or little barbs or beards, which serve to hold the 
barbs to each other and make a plane surface for the 
feather. 

The barbs and feathers of an arrow besides reproducing 
features of the beard reproduce also features of the vertebrae 
of the backbone. K a section is taken through the butt of 
a feathered arrow, at right angles to its axis, the three spinous 
processes of the human backbone will be represented by the 
sections of the three feathers. Three spines project from a 
human vertebra, one a spinous process at the back, and the’ 
other two transverse processes from the sides of the vertebra. 
A section through the butt of an arrow may show only two 
spinous processes, or only one. or four, or none at all if the 
arrow is not feathered, the number of |H:ocesses depending 
on the number of feathers on the butt. When more or less 
than three spinous processes are shown by the section, corre- 
spondence of the spines to those of man becomes less evident 
than to those of some creatures. 

In man the spines ate not evenly spaced round the back- 
bone, for, as has been said, one spine projects towards the 
back and the other two project towards the sides of the body, 
and there is no process towards the front of the body. The 
spines on an arrow are usually evenly spaced; but on a cross- 
bow bolt with three feathers, the feathers are spaced more 
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after the manner of the human spines; because the bolt can- 
not be feathered underneath, where it lies on the barrel; and 
one feather is therefore placed on the top and the other two 
feathers are placed at the sides of the bolt. A section of such 
a bolt would therefore show the spinous processes spaced 
much as along the human backbone. Sometimes a bolt has 
four feathers. No feather is placed below the bolt, and all 
four are then spaced round the butt at the sides and top. 
In different creatures there are somewhat similar variations 
in the number of spines and in their positions. 

A section through the mam part of the shaft of an arrow 
or bolt does not show any projecting spines. Spinous pro- 
cesses somewhat similarly are not present on some parts 
of the backbones of some creatures. For example, the end 
of the frog’s backbone is smooth and has no spines project- 
ing from it. 

A section of a barbed head at right angles to the axis of 
the shaft usually shows two spines, since the head usually 
has two barbs. But if the barb is single, the section shows 
only one spine. If the barb is triple, it shows three spines. 

As has been pointed out. when the arrow is laid on the 
bow the weapon reproduces certain features of the human 
body. The human head is represented by the head of the 
arrow, the arms by the bow arms, and the spine by the shaft 
of the arrow; and the shaft reproduces several features of 
the backbone or spine. The shaft, it will now bo shown, also 
reproduces, in rudimentary forms, features of the body 
cavity. 

Sometimes the shaft of an arrow is made of the entire limb 
of a tree or plant, or limb from which the bark or skin has 
not been removed. An arrow made from a bamboo cane 
or a reed, for example, is entire, and stOl retains all the parts 
and devices of the limb, and also retains its skin. The bark 
or skin of such an arrow therefore represents the skin of 
the trunk of the body, or skin of the body cavity, and repro- 
duces the human skin in a rudimentary mechanical or artifi- 
cial form. 

Before it was cut from the rest of the plant, the bamboo or 
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rood shaft was “ alive and was piovidcd with channels 
through which food and water passed between the tools and 
leaves, the food and water passing through the shaft prob- 
ably in ways that had some resemblances to the ways in 
which food and water ate transported in the body between 
different parts of the body. When cut from the rest of the 
plant, food and water ceased to circulate in the channels of 
the shaft; but the structures which formerly allowed for this 
circulation still remained very little changed. Therefore if, 
as seems likely, the structure of a plant is related to the 
structure of a creature, the structure of the shaft of the arrow 
reproduces in a rudimentary way the structure of the cavity 
of the body. That is, the shaft reproduces artificially in an 
undeveloped form certain structures of the body of a creat- 
ure. like the alimentary or food canal, the blood and water 
circulatory systems, and the skeleton of the body. 

The shaft of an arrow or a dub or a spear however is not 
always entire, for it is often artificially shaped, and in the 
process of shaping it the bark or skin and much of the struc- 
ture of the wood may be removed. But when this is done, 
often the core of the wood is left; and the hard core may be 
part of the heart-wood, which is the central part of the wood 
where the cells have died. The heart-wood, or duramen, is 
called the spine of the wood. The fact that it is called the 
spue confirms the belief that the shaft corresponds to the 
spine, and that when the shaft is entire, the skeleton of a 
creature is represented in the structure of the wood. 

Features of the body cavity are also reproduced by the 
bow arms. The convex or outer side of a bow is call^ the 
back and the concave or inner side the belly. These names 
do not Aow how the bow arms are related to the offensive 
machinery; but probably refer to the parts of the reproduc- 
tive machinery reproduced by the bow arms. If this is 
correct, then the how arms also reproduce the body cavity 
with its various contrivances, and the belly of the bow corre- 
sponds to the belly of the body, and the back of the bow 
corresponds to the back of the body. The bow arms are at 
right angles to the shaft of the arrow where they meet the 
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shaft, and therefore the parts and devices of the body cavity 
reproduced by the bow arms have been turned through a 
right angle compared with similar parts and devices repro- 
duced by the shaft of the arrow. As has been explained, a 
composite bow reproduces very evidently features of the 
structure of a limb. 

When an archer holds a spare arrow in his left hand, its 
shaft lies against and parallel to the bow stave; and the 
feature of the spine or backbone lying parallel to and near 
the body cavity is then reproduced. 

The handle of a carriage whip reproduces, as has been 
'shown, features of the backbone, and also features of the 
crop of a creature. Therefore it seems it also reproduces 
several features of the cavity of the body. 

According to Sir Ralph Payne-Gallwey, “ every inch of a 
Turkish bow or arrow was named in a manner that could 
be recognized or referred to.”* Unfortunately he mentions 
the names of only three parts. The enlarged centre of the 
arrow is called the “ stomach from the centre to the point, 
the “ trousers from the centre to the nock, the “ neck ”. It is 
unlikely that the names arc merely fanciful; and probably 
they point unerringly to parts of the body or to coverings or 
clothes represented by the parts of the Turkish arrow. Since 
the enlarged centre of the arrow is called the stomach, fur- 
ther evidence is provided to show features of the cavity of 
the body are reproduced by the shaft of an arrow. 

The spine is reproduced in the crossbow machine by the 
bolt or arrow lying on the top of the stock; and the body 
cavity with its various parts and devices is reproduced by 
the wooden stock which lies below and supports the spine. 

A section through the stock and barrel and arrow of a 
crossbow, at right angles to the axis of the barrel, is shown 
diagranunatically in Figure 69. 

The larger circle shows the section of the wood of the 
stock. Through this section, during the life of the wood, 
food and water and other substances passed between the foots 
and leaves; and its structure therefore probably reproduces 
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some features of the body cavity of a creature. The smaller 
circle is the section of the arrow, with spinous processes 
formed by the feathers or barbs emerging from its sides. The 
arrow reproduces the spine, and the 
feathers reproduce the processes which 
emerge from a vertebra of the spine of a 
creature. The thick, semi-circle shows 
the section of the barrel. This evidently 
reproduces the neural arches, or parts of 
the backbone which, in the human body 
meet again and form the neural or spinal 
column which encloses the spinal cord. 
The neural arch becomes fully deve- 
loped in the gun machine, and is repre- 
sented by the barrel; and the arrow* 
disappears and is represented by the 
bullet. The spinous processes become 
represented by the riflings on tile barrel. 
Since the semi-circular neural arch of the 
crossbow becomes the circular arch of 
the gun, and the arrow disappears, per- 
haps the arrow reproduces features also of the notochord. 
This is the semi-cartilaginous rod that disappears in 
some creatures, its place being taken by the bony neural 
arch. 
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Fra. 69. 

DIAGRAM 
OF SECTION 
OF CROSSBOW’S 
STOCK 

A. arrow 
(notochord): 

B, barrel 
(neural arch); 

S, stock 
(body cavity); 

F, feather 
(spinous process). 




Fro. 70. DIAGRAMS OF SECTIONS OF STOCK, BARREL. 
AND ARROW OP SLURBOW 

(I) Where barrel is slit 

(II) Where barrel is fully formed 

A, arrow; B, barrel; S, stock; C, strings 


In ttie ordinary crossbow machine, the neural arch has the 
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form of a scmi-cirde, Figure 69, and is formed only under 
the arrow, or spine or notochord; and does not enclose the 
arrow. But in the slurbow machine, a section through the 
part where the strings slide along the split barrel shows the 
neural arches above and below the arrow, but still not meet- 
ing at the sides where the strings slide through the barrel. 
Figure 70 (/)• A section through the part where the barrel 
is hilly formed and complete, however, shows the neural 
canal completely formed. Figure 70 (it). The neural canal 
is completely formed at the muzzle of the Chinese repeating 
crossbow machine; and for the whole length of the baiTel of 
the Ba-kwiri crossbow machine. 

The neural arch of a crossbow is usually formed by some 
hard material, like brass or horn. When the barrel, or neural 
arch, IS of brass, there is no close correspondence between 
the material of the mechanical neural arch and the material 
of the human neural arch. But when the barrel is of horn, 
there is a closer correspondence of materials. 

The neural arch in crossbows whose barrels are formed 
merely by a groove in the wood of the slock is not made of 
material separate and diilcrcnt from that of the stock. The 
arch is then formed merely by the surface of the groove in 
the wood. The Fan crossbow’s neural arch, for example, is 
formed merely by the slight scratch or groove in the top of 
lire stock, and is hardly evident 

Hence, sections of various typos of crossbows through the 
stocks and barrels at right angles to the axes pf the barrels 
show different stages in the development of the neural arch; 
and its development from the slight depression in the body 
cavity to the fully formed arch separately formed from the 
body cavity can easily be traced. 

Elementary and rudimentary forms of the neural arch can 
also be seen in the bow and arrow machine. The neural 
arch is of horn in the Mongolian horn groove machine, of 
iron in the Egyptian iron groove machine, of wood in the 
Siamese wooden groove machine, and of cane in the Korean 
cane groove machine, The arch is formed only on the under 
side of the arrow, except in the Korean cane groove 
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machiae, in which the cane groove nearly surrounds the arrow 
and forms almost a complete neural arch. 

The sipcr, or mechanical groove used by an archer, it has 
.been shown in the first part of this work, is derived from 
the flesh groove made in the left hand fingers as the fore- 
shaft of the aiTow lies on them. Hence the mechanical 
neural arch is derived from this human device. It is directly 
derived from the human flesh groove device, but is develop- 
ing to reproduce the neural arch of the backbone. The siper 
and the barrel of a gun therefore reproduce the flesh groove 
of the fingers in the offensive system, and reproduce the 
neural arch in the reproductive system. 

The string or cord of the bow possibly corresponds to the 
spinal cord. The author is not clear about this however, but 
no doubt his readers will solve this problem. The following 
remarks about the bow strings should therefore be received 
with some caution and be regarded merely as suggestions 
which may help in the solution of the problem. 

The cord of the crossbow traverses the length or much of 
the length of the neural canal; that is, it slides along the 
barrel of the crossbow. It does not lie wholly in the canal, 
or barrel, as the human spinal cord lies in the neural canal 
or nervous column of the backbone. But the differences in 
positions of the mechanical and human cords can perhaps 
be accounted for on the supposition that the mechanical cord 
is turned through a right an^e compared with the axis of the 
mechanical backbone or barrel. That this is so is also sug- 
gested by the fact that the cord of the bow is turned through 
a right angle together with the bow arms and lies along or 
nearly along them. In various staff slings the cord does in- 
deed lie along the shaft. In the Malabar crossbow machine 
the spinal cord also lies alongside and parallel to the neural 
column, if as is probably the case the harpoon line is an 
extension of the spinal cord. Indeed, before the harpoon is 
shot, the line connecting the harpoon to the crossbow lies 
neatly coiled in a small bamboo cylinder (see Figure 63), 
which is close to the neural canal of the crossbow, formed 
by the groove or barrel. The bamboo cylinder is perhaps 
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an extension of the neural canal, placed as near to it as 
possible; and it can be noticed that although the part of the 
canal formed by the barrel is semi-circular in section and is 
therefore not fully formed, the part formed by the bamboo 
cylinder is circular in section and fully formed. The Malabar 
crossbowman it seems has solved fairly satisfactorily the 
problem of providing a mechanical weapon with a fully 
formed neural canal enclosing a spmal cord, but only by the 
expedient of giving the partly formed neural canal or barrel 
an extension. This problem has been more satisfactorily 
solved by the maker of the toy pop gun. for the cord lies 
inside the fully formed barrel of the pop gun, which consists 
of a tube closed by a cork to which a cord or string is fast- 
ened, the cord or string lying coiled in the barrel which of 
course corresponds to the neural or spinal canal. When the 
plunger is operated, the compressed air drives out the cork, 
and the cord or string then lies partly outside the neural 
canal. 

In the thrusting spear machine, the neural canal is formed 
by the hands as they grasp the shaft, and is wholly human. 
The backbone and body cavity are reproduced by the shaft, 
but are not separately mechanized, as they are in the cross- 
bow and gun machines. Spinous processes are reproduced 
in mechanical forms if the spear has barbs; but if it has no 
barbs, the processes are still reproduced but only in human 
forms, by the twenty eight knuckles or barbs of the fists. 

The section of the shaft of a thrusting spear at right angles 
to the axis of the shaft shows features which correspond to 
those shown by a section of an invertebrate creature; but the 
section of a crossbow or gun at right angles to the axis of 
the barrel shows features which correspond more to those 
shown by a section of a vertebrate creature. According to 
zoologists, invertebrate creatures are distinguished from ver- 
tebrate creatures or creatures with backbones mainly by 
having a single tube containing all the vital organs, while in 
vertebrate creatures if the body is cut transversely a section 
shows two main tubes, in the larger of which are the alimen- 
tary canal and haemal or blood vessels and some parts of 
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the nervous system; but the main mass of the nervous sys- 
teni is represented by the spinal cord.* In the thrusting 
spear ma^ne, all mechanical parts are contained within the 
single tube of the spear shaft; but in the crossbow and gun 
machines the mechanical parts are contained in two tubes, 
one tube being the barrel and the other and larger tube being 
formed by the stock supporting the barrel. 

* e.g., T. H. Huxley, LL.D., F.R.S., The Anatomy of Veriehrated 
Animals; and The Classification of Animals. 
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I N the ordinMy bow and arrow machine the backbone of 
ihc wielder is reproduced by the shaft of the arrow; and 
the spines of the wielder’s backbone are reproduced 
externally and given mechanical extensions by means of the 
barbs and feathers of the arrow. In the bow and anow 
machine provided with a groove fastened to the left hand, 
the backbone is also partially reproduced by the horn 
groove; and the beginnings of a process can be seen in which 
the backbone formed by the arrow is eventually replaced by 
a backbone formed by the metal barrd of a gun. The arrow 
dcvelopes into a ball or bullet which then reproduces more 
particularly other parts and devices of the reproductive 
machinery. In various types of the siper macliine, or bow 
and arrow machine provided with a mechanical groove, can 
be seen stages by which the backbone becomes almost com- 
pletely formed round the arrow. In the Korean groove 
variety, tlie backbone is fairly well reproduced by the cane 
siper; but the backbone is stUl also represented by the shaft 
of the arrow. The neural arch can be seen developing 
around the arrow, until in some crossbows, like the Ba-kwiri 
crossbow, the neural arches meet and form a neural canal or 
spinal column. 

The gradual transference of the spinous processes from the 
surface of the arrow to the interior surface of the barrel can 
also be observed. In the siper machine, the mechanical parts 
of the spinous processes are entirely on the arrow, and no 
parts axe on the barrel or groove which is smooth. But the 
interiors of some crossbows are rifled; and the rifled grooves 
are the feathering devices transferred to the interiors of the 
tubes or barrels. 

In the early cannon machine, when the missile was a padded 
and barbed and feathered arrow, the spinous processes were 
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on the surface ol the arrow, and no spinous processes, in 
the forms of rifled grooves, were reproduced by the burrels 
of the cannon. It was many years before it occurred to the 
makers of guns to try and transfer the rilling devices to the 
interiors of the barrels; and no mechanical riflings were pro- 
vided when the arrow type of missile was replaced by a ball 
of iron or stone. But in the modern gun machine the riflings 
are partly mechanized and externalized by means of the 
rifled grooves; and the spinous processes are formed by the 
lands, or parts of the gun barrels which are not removed 
when the rifled grooves are made. The spinous processes 
are not on the outer surface of the backbone, or barrel, but 
on the interior, and project towards the interior of the spinal 
column of the barrel. They are therefore reversed compared 
with the human spinous processes which project outwards 
(Rule 11). 

The riflings, or spinous processes, are not fully transferred 
from the missUe. in the gun machine; for they axe still formed 
on the external surface of the bullet or on the driving band 
of the shell, and these are transferred copies of those on the 
interiors of the barrels, being transferred as the missile is 
being driven through the bai'fel. 

The missile of the modern gun has therefore to a great 
extent ceased to reproduce the backbone, although certain 
features of it are still reproduced by it; and the backbone is 
now reproduced mainly by the barrel. The metal lube docs 
not correspond closely in materials to the materials of the 
backbone, for steel does not reproduce the characteristics of 
bone very well. It does reproduce the hard and rigid charac- 
teristics of the bone; but does not reproduce its structure, 
although perhaps there is some correspondence between the 
molecular structure of steel and bone, which however most 
be very remote. The metal barrel does not reproduce the 
separate joints of the vertebrae; and is merely a continuous 
tube. 

The spinous processes, represented by the lands, are of no 
great depth; and are much less prominently formed Ilian in 
the bow and arrow machine by the barbs and feathers. But 
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the feathering on a crossbow is sometimes very slight. Thus, 
for exaiupie, arrows for the Chinese repeating crossbow are 
sometimes so slightly feathered that the feathering can be 
seen only by close inspection. The feathering on an arrow 
therefore sometimes is not deeper than the rifling on a gun 
barrel. The number of spinous processes on the interior 
suifacc of a gun is of course equal to the number of rifled 
grooves; and varies in difterent types of the gun machine. 

The spinous processes in the gun machine are not fully 
mechanized; for no human device or contrivance can be fully 
mechanized. If it could be, then the mechanical device or 
contrivance would become independent of the body, and 
would become a living creature capable of acting independ- 
ently of the body and with a will of its own; and if such a 
state of affah's were to be brought about, we might see a gun 
deciding to take offensive actions by its own volition; and 
this would be as strange as, say, a club suddenly moving from 
the place where .it had been placed and getting up and bit- 
ting somebody on the head. No weapon or part of a weapon 
can have any life except in so far as it is provided by the 
wielder; and all actions and movements of a weapon are 
primarily and wholly derived from the wielder. Types of 
missiles are made nowadays whicli do seem to be independ- 
ent of the wieldcrs. to some extent, when in the air; but the 
movements and uctions of the missiles when in flight are 
dependent on and derived from the mechanisms of the body 
of the wielder, who can indeed bo unconscious that his mech- 
anisms arc still connected and related to those of the missile. 
That they are still connected to the missile is shown by the 
fact that, as was shown in the first part of this work, the 
trajectory is part of the offensive machine. It is also shown 
by the fact that wielders of these types of missiles are trying 
to obtain bettor control over them after they have been 
loosed into the air. It is also shown by the fact that the 
person who makes and sets in motion one of these missiles is 
regarded as responsible for its actions. 

Some evidence was given in the last chapter to show that 
the shaft of an arrow reproduces some features of the body 
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cavity. A gun barrel, it will now be shown, reproduces many 
features of the body cavity. 

The alimentary canal in vertebrate creatures is iu tlie 
larger of the two tubes shown by a section of the body at 
right angles to the backbone. The meehanicai extension of 
the alimentary canal in the gun machine is reproduced in the 
larger of the two tubes shown by a section of the rifle at 
right angles to the axis of the barrel, that is in the section of 
the wood of the stock; but is reproduced at best only in a 
very rudimentary way. It is reproduced also only if the 
theory is correct, as it probably is. that the structure of wood 
reproduces features of the structure of the body. The 
altoentary canal of the gun machine is however very clearly 
reproduced as a mechanical extension of the wielder’s 
alimentary or food canal by the gun barrel itself. 

It was forced upon our notice in the first part of this work 
that the gun barrel reproduces parts of the genital organs, 
and in particular the penis. But it also, it will now be seen, 
reproduces the alimentary canal. The spinal column and 
penis and alimentary canal are separate tubes in man; but 
are not separately reproduced in the gun machine; and the 
barrel reproduces simultaneously features of the spinal 
column, penis, and alimentary ca^. 

The rau/de is the mouth of the gun. The word muzdo 
is probably derived from or related to the Latin word nior- 
dere, to bite: and for example, the muz/Jc of a dog or liorsc 
is a device placed on the animal’s mouth to prevent it biting 
anyone; and to muzzle anything means to stop its mouth or 
to restrain it from biting. But there can be no doubt that 
the muzzle of a gun forms its mouth, for phrases like “ the 
cannon’s mouth ” are in common use. Muzzle loading guns 
are fed through the mouth; and some of the materials fed 
to a muzzle-loading gun are ejected through the mouth after 
undergoing a process of combustion which has some 
resemblances to but is much more rapid than the process of 
combustion which occurs when food is consumed or burnt 
in the body. According to authorities on the gun, it is wrong 
to speak of an explosion occurring in a gun, but correct to 
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speak of the combustion of the charge. Thus Burrard 
writes : — “ The powder charge is commonly said to ‘ ex- 
plode’, but this is an incorrect description, for powder defi- 
nitely burns; and this combustion, although rapid, is by no 
moans instantaneous . . It is widely understood nowadays 
also, that food taken into the body undergoes a process of 
combustion or burning. There are therefore some similari- 
ties, or correspondences, between the processes that occur 
when food is consumed in the body and when powder is 
consumed in the gun barrel. 

The waste materials are ejected from the mouth of the 
gun. Waste products of combustion are not ejected through 
the human mouth, but through a separate aperture. The 
procedure in the gun machine is however the same as that in 
those creatures in which waste products are ejected throu^ 
the same aperture as the one through which food is taken in. 

The breech loading gun is an extraordinary organism; for 
it is fed through its anus, and it ejects waste materials 
through its mouth, thus, as it were, reversing the natural 
procedure, According to the dictionary the word breech can 
mean “ either the lower part of the body behind or the hinder 
part of anything and especially of a gun.” The opening at 
the breech therefore corresponds to the onus of a creature. 
Nowadays most guns arc breech loaders, and arc fed through 
the anus and eject waste materials which include burnt gases, 
bits of unburnt powder, and the missile, through the mouth. 
Although the procedure of taking in food through the anus 
and ejecting materials through the mouth is the opposite to 
that followed by the organisms of the wielder, the reversal 
is in accordance with Rule 11. 

Many creatures have a nearly strai^t tube running through 
the body, into which food enters at one end and from which 
waste materials are ejected at the other end. The common 
earthworm’s alimentary or food canal, for example, is such 
a type of lube. In man and many other creatures the aliment- 
ary canal is very long, and is not straight but is convoluted 
and twisted back upon itself many times. Some of the 


^The Modem Shotgun, 
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features and characteristics of the alimentary canals of 
creatures with straight tubes arc therefore reproduced by the 
barrels of guns; and gun barrels do not reproduce the turns 
or convolutions of the human alimentary canal. It will be 
shown later that the convoluted alimentary canal is repro- 
duced by the alimentary canal of the internal combustion 
engine. 

The shaft of an arrow or of a spear reproduces the stom- 
ach, and that of a whip the crop. The missile of the gun 
machine does not reproduce the stomach or crop, unless the 
missile is an arrow, as was the case in the very early camion 
machine: and instead the stomach or crop is reproduced by 
the barrel. In creatures with straight alimentary canals, like 
the earthworm, the stomach or crop is not usually well 
formed. Somewhat similarly in the gun machine the mech- 
anical extension of the stomach is not well developed, unless 
the gun has a magazine. If it has a magazine the mechanical 
stomach is well developed, and reproduces several features 
of the stomach of the body. The word magazine means 
“ storehouse and since the cartridges are stored in it before 
going into the alimentary canal, the magazine evidently 
corresponds to the stomach or crop. It has been already 
explained that the magazine reproduces the scrotum, and that 
it is the storehouse or chamber for the balls or bullets which 
correspond to the testes; and that it is also the storehouse 
for the spermatozoa, the balls or bullets also reproducing 
the spermatozoa or seeds. The sciolum and the stomach 
are therefore not separately reproduced by the mechanical 
parts of the gun machine; and in the weapon the scrotum is 
in. the stomach, and it can also be said the stomach is in the 
scrotum. 

Other contrivances related to the magazine are the archer’s 
quiver, slinger’s bag or pouch, billiard table pocket, and the 
pocket of the golfer’s bag which contains or holds the balls. 
The billiard table’s pocket is at the height of the average 
player’s scrotum, and is at the top of the legs of the table 
which are extensions of the players’ legs. The golfer’s bag, 
of the type much used until recently, is carried by being 
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slung over tlvc shoulder with the small pocket or pouch on a 
level with the human scrotum. It has been explained that 
unless in transferred positions, mechanical parts are always 
found near their human counterparts. 

The mechanisms of the lock of the rifle which place the 
cartridges in the breech must correspond to and reproduce 
the human contrivances which push the food from the 
stomach into the smaller intestine, and must also at the same 
time correspond to and reproduce the mechanisms which 
expel or push the spermatozoa from the scrotum into the 
penis. 

When a rifle is fired, an impulse is sent along the barrel 
and transmitted to the opposite end of the trajectory, to the 
opponent or target which then receives the impulse. Prob- 
ably this impulse is of the same type as that sent along the 
spinal column of a creature. It seems therefore that when a 
bullet is fired, some of the principles by which impulses are 
transmitted along the spinal cord are demonstrated in a very 
simple and elementary way. The velocity of the impulse in 
the case of the rifle machine is sometimes about 2,600 feet 
a second. It is therefore not instantaneous. This shows 
that the impulse sent along the spinal cord of a creature is not 
instantaneous. But the speed of the impulse varies consider- 
ably in the diflerent types of the offensive or reproductive 
machine. The velocity of the impulse given by the arrow 
of the bow and arrow machine is less than that given by the 
bullet of the gun machine. The impulse from the stone 
throwing machine is still slower in operation. It is likely 
•therefore that the velocity of the impulses along the spinal 
cord is not constant, but varies according to the type of 
creature, and varies somewhat also in different caceatures of 
the same type. 
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SHOES 

M an uses two mam methods of progression, walking 
and running. Walking and running can be accom- 
plished without arb&cial aids. When a person 
walks or runs bare-footed, he has no artificial aids to pro- 
gression. But usually artificial aids are used. The commonest 
are sandals, shoes, and boote. These protect the feet from 
hard and sharp surfaces, allow a better grip of surfaces to 
be obtained, and help the walker or runner in other ways. 
Various other aids are used to help in progression. Some 
ol these will be studied, and from the study much will be 
learnt about the principles of locomotion; for the artificial 
aids are used in conjunction and work in harmony with the 
locomotive machinery of the body, and a study of them made 
with reference to the locomotive machinery of the body will 
help us to understand how the locomotive machinery of the 
body is constructed and works. 

A shoe or sandal is one of the oldest and most familiar 
mechanical aids to locomotion. The fitting of shoes or 
sandals affects the locomotive machinery of the body in a 
multitude of ways, a few of which will be briefly noticed. 

When shoes arc worn, the body moves at a slightly greater 
hciglit above the ground than when the walker moves bare- 
footed; and the increase in height is equal to the thickness 
of the soles of the shoos. The length of the stride, since 
the length of the leg and shoe is greater than the length of 
the leg alone, is usually a little longer than when no shoes 
are worn. The weight of the shoes makes the movements 
of the legs slower and more ponderous. 

The soles of the feet do not make contact with the 
ground, and contact is made by the soles of the shoes in- 
stead, the soles of the shoes replacing the soles of the feet 
in this task. The wear and tear of the ground is experienced 
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mainly by the soles of the shoes. The human soles arc pro> 
vided with, machinery which, in co-opcralioii with otlicr 
machines of the body, can repair the wear and tear expcri« 
cnced in walking on natural surfaces like grass, moss, and 
sand. But the wear and tear from artificial surfaces like 
roads and pavements is too great for nature's machinery to 
repair. The function of nature in repairing tire solos can be 
copied distantly and crudely by repairing or replacing the 
shoes when worn. 

Each shoe is made to perform the same actions as the foot 
to which it is fitted. When the left foot goes forward the left 
shoe goes forward. When the rear foot makes a movement 
of thrusting on the ground, the thrust is transmitted to the 
sole of the rear shoe which directly thrusts on the ground 
and gives the impulse which propels the walker forward. 
Conversely, the movements of the shoes arc transmitted to 
those of the feet. If, for example, the left shoe catches in 
a projection, say a stone or stick on the ground, it transmits 
the shock to the left foot and causes the walker to stumble. 
If the walker turns to the left or right, the shoes arc turned 
to the left or right. If the walker stops, the shoes become 
stationary. When a shoe is fitted, neither the foot nor the 
shoe can have independent or different movements, and both 
foot and shoe must move and act together, performing 
exactly the same movements and actions. It is evident that 
a shoe becomes part of the locomotive machinery when 
fitted to the foot; and must bo studied as an integral part of 
the machinery. 

When a shoe is fitted to a foot, many of the locomotive 
’actions of the foot are no longer directly made by the foot, 
and the foot acts indirectly through the agency of the various 
parts of the shoe. When a walker is bare-footed, his rear 
foot thrusts directly on the ground to give the impulse to 
propel him forward When he wears a shoe, his rear foot 
does not thrust directly on the ground, but thrusts on the 
surface of the inside of the sole of the shoe, and the outer 
surface of the sole directly thrusts on the ground and gives 
the impulse to propel the vralker forward, If the shoe were 
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not attached to the foot, the solo of the shoe would be left 
behind after the impulse, but the straps or other parts of the 
shoe which hold it to the fool carry the shoe with tlie fool. 
The skin of the huniaii sole is attached to the foot by various 
tissues and by the skin which sun'ouiids the foot, and the 
human sole similarly is carried forward with the foot and is 
not left behind when a step forward has been made. The 
hi’man sole has good frictional properties and a walker on 
natural surfaces when bare-footed does not usually slip, and 
finds little difficulty in progressing. But when walking with 
shoes on an artificial surface like a road or a pavement it is 
sometimes necessary to improve the frictional properties of 
the soles of the shoes, which may then be provided with 
projecting nails or studs to prevent slipping. 

A shoe corresponds in shape and size to the shape and 
size of the foot for which it has been made. A shoe should 
be made for the wearer. When shoes arc “ready made”, 
the person who wishes to buy a pair usually tries on several 
pairs and chooses the pair that fits him best, i.e., he chooses 
the shoes which correspond best in shapes and sizes to the 
shapes and sizes of his feet. The type of shoe chosen 
depends on the purpose for which the wearer needs the shoes. 
If he wishes to walk, ho chooses shoes suitable for walking; 
if to run, for running; if to dance, for dancing; and so on. 
DilTercnt types of shoes must be used for different purposes, 
for the locomolivo machinery acts dillcrcnlly when walking, 
running, dancing, etc., and the shoes must work in harmony 
with the ways in which the locomotive machinery will work. 

[Shoes worn for dancing form parts of the dancing mach- 
inery, which is the machinery of the body formed for 
dancing, e.g., for performing die waltz, polka, lancers, fox- 
trot, and other dances. This machine is perhaps a variety 
of the offensive and reproductive machine. This is suggested 
by the fact that the attitude of a dancer is very similar to 
that of the wielder of a weapon like a bow and arrow, cross- 
bow, or hand gun. When dancing, one hand and arm is 
stretched forward and the other is placed round the waist or 
on the shoulder of the partner; and if the partner were 
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removed, the weapon could be held with little alteration of 
position. This shows that essentially a dance is simultane- 
ously an offensive and a reproduaive activity, in the dance, 
each partner corresponds to an opponent in an oflensivc 
action; and the movements of each in reply or response to 
those of the other are even belter shown than when two 
boxers or wielders of the fists are opposed. A study of the 
dancing machine has never been made: but it is fairly cer- 
tain such a study would throw much light on the ofTcnsivo 
and reproductive machinery of the body, and would at the 
same time reveal the significances of the various dances.] 
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LOCOMOTIVE MOVEMENTS 

W HEN walking, the heel is the first part of the foot 
that touches the ground. As the walker moves 
forward the weight of the body begins to be placed 
over the front leg, and as the body comes more above the 
leg the sole of the foot is placed on the ground. When the 
body ‘passes over the foot, the balls of the toes take the 
weight. As the rear leg is brought to the front, a thrust is 
given by the toes of the foot which now has become the rear 
foot. The ankle during the movements of the foot and leg 
acts as a kind of pivot round which the foot is moved. 

The actions of the ankle and foot and leg ace much more 
complicated than the above statements suggest; but approxi- 
mately and sufficiently for our purpose at the moment they 
arc as described. It is impossible in the present state of 
knowledge of the locomotive machinery of the body to ex- 
plain or describe fully all the actions of the various parts of 
the foot, ankle, knee, and leg. during their movements when 
walking; and only a few general and elementary statements 
can be made about them. 

When running, the heel does not touch the ground. An 
inexpert or untrained runner may make his heel the first part 
of the foot to touch the ground, but the expert runner “ runs 
on his toes The sole may just touch the ground in running 
as the foot is placed forward; but the sole, or flat of the 
foot, should not take the weight of the body. The balls of 
the toes first make contact with the ground as the foot is 
placed forward, and when the body comes over the leg, the 
weight is taken by the balls of the toes and the toes; and as 
the leg goes behind a thrust is given by the toes to propel the 
runner forward. When running the body is carried sli^tly 
higher than when walking. 

The actions of the ankle when running are similar to its 
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actions when walking. They are too complicated to be fully 
understood, but in a general way it may be said the ankle acts 
as a pivot round which the foot turns when running. 

The reader if he holds his right ankle by the thumb and 
forefinger of his left hand and then moves his foot up and 
down will notice that the foot moves round the ankle as if 
round a pivot. 

Figure 71 shows diagrammatically the action of the leg 
and foot when walking, the foot however being regarded as 
incapable of moving round the pivot of the ankle. In Figure 
71 (0. the foot is ahead of the body and the heel is on the 
ground. In Figure 71 (it), the body is above the foot, and the 
sole is on the ground. In Figure 71 (Hi), the body is ahead 
of the foot, and the toes are on the ground giving a thrust 
to propel the body. 



Fio. 71. DIAQRAMS OF ACTIONS OF LEG AND FOOT 
AND OF ACTIONS OP SPOKE AND FELLOE 

Figure 71 also shows the action of a spoke of a wheel. In 
Figure 71 (iv), the felloe, or part of the rim which forms the 
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foot of the spoke, is ahead of the hub, and the part of the 
rim A is in contact with the ground. As tlie vehicle moves 
forward the spoke comes into an upright position as in 
figure 71 (v), and the part of tire rim C directly under the 
spoke then takes the weight of the vehicle. As the vehicle 
continues its progress the spoke comes into the position shown 
in Figure 71 {yi)\ and the part of the nm B makes contact 
with the ground, and gives the thrust to propel the vehicle. 
Before the vehicle can collapse on the ground, another spoke 
comes into the forward position as in Figure 71 (iV), and the 
action of placing one spoke in front of another as one leg is 
placed in front of another is automatically and crudely per- 
formed by the device of the wheel. The spoke shown in 
Figure 71 (vl), ceases to be an active spoke when the rim 
A C B leaves the ground; and the leg of the vehicle is then 
formed by the succeeding spoke. 

If the parts and actions of the leg and spoke in the two 
diagrams are compared, it will be seen that the spoke corre- 
sponds to the leg. and the part of the rim A C B corresponds 
to the foot, and the point C to the ankle; and that the actions 
of a leg are crudely but approximately reproduced by the 
actions of a spoke.* 

The part of the rim A C 13 is not pivoted at C, but is rigidly 
joined to the spoke, Since it is curved in the arc of a circle, 
the hub moves in a straight line without an up and down 
movement. An up and down movement of the human body 
is prevented by a very complex arrangement of muscles and 
joints working together. ^ 

Although a wheel may have many spokes, only a few of 
them are locomotive spokes at any moment. The others arc 

iG. M. Humphiy, M.D., F.R.S., The Human Foot and the 
Human Hand. 

*“ ... the human body is fitted out on a wheel . . , it is 
a wheel with only two spokes, with a hub at the hip-joint and 
felloes or rim at the feet. But because these spokes are movable, 
first one swinging forwards and then the other, they are able to do 
the work of the twelve spokes which are fixed together in a circle so 
that they come in contact with the ground one after the other. A 
wheel is really a great number of legs and feet set together so as 
to move round in a circle ...” Sir Arthur Keith, M.D., LL.D., 
D.So„ F,R.S., The Engines of the Human Body. 
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merely struts or slays, whose purpose is to keep the shape of 
the wheel. A wheel with say six or eight spokes may indeed 
have only one locomotive spoke at any moment, this spoke 
bemg the one joined to the felloe which at that moment is 
on the ground; because the weight o£ the vehicle is borne 
mainly by this spoke, and it is the only one performing a log 
action. The other five or seven spokes at this time act 
merely as struts or stays. 

A wheel having wire spokes is a suspension wheel; and the 
weight of the vehicle is not placed on the lowest spokes but 
is suspended from the highest ones. In a bicycle wheel with 
say thirty two spokes, probably only three or four of the 
uppermost spokes are locomotive spokes at any moment, and 
the rest act merely as stays to keep the shape of the wheel. 
When comparing the locomotive devices of the body and of 
a vehicle, it is therefore necessary to consider only the loco- 
motive spokes of a wheel. The rest need not be considered, 
because they are not locomotive spokes but merely struts or 
stays. The locomotive spokes of a wheel with solid spokes 
are directed downwards and move through an angle which 
cannot be more than two right angles. But the locomotive 
spokes of a suspension wheel point upwards, and are there- 
fore reversed in positions compared with those of a wheel 
with solid spokes (Rule 11). The human spokes, formed by 
the legs, point downwards; and cannot move when a person 
runs through more than two right an^es. 

' The actions of a spoke of a wheel reproduce in a crude 
manner some of the actions of the leg in walking, and the 
actions of the part of the rim near the spoke reproduce in a 
crude manner some of the actions of the foot; and it is 
evident that a wheel is a device or contrivance by means of 
which the actions of placing the legs alternately in front of 
each other can be crudely reproduced mechanically. 

The original form of the wheel and the stages by which 
the wheel has been evolved are not known. One early form 
of the wheel, it is thought, was probably a log; and the log 
may later have had its middle portion reduced in diameter so 
that a kind of axle was formed. Another early form was two 
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disks of stone or wood fastened to a rigid axle. But although 
it would be interesting and might be important to know how 
the wheel originated and evolved, the end to which the 
pioneers of the wheel were working although probably un- 
known to them is clear to us now. Unconsciously the pioneers 
were trying to reproduce mechanically the structure and 
actions of the locomotive machinery of the leg and foot. 
Only when the spoked wheel had been developed could the 
goal of their labours have been seen; for a log, or a pair of 
disks joined by a rigid axle, reproduces the structure and 
copies the actions of a leg and foot so crudely that the corre- 
spondence of structure and actions cannot easily be seen. 

The process of developing the wheel has taken many cen- 
turies, and the process was begun almost in the dawn of 
civilization. Today the locomotive actions of legs are still 
only crudely reproduced by the wheels of vehicles, and the 
actions of nature's locomotive machinery cannot yet be 
copied with much accuracy. It can however safely be stated 
that each improvement in wheel devices for vehicles which 
will bo made in future will help towards reproducing more 
closely the locomotive actions of legs, and will make corre- 
spondences between man's devices and nature’s more 
evident. 
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THE WALKING STICK AND STILT 

O NE of the simplest devices used by a walker to obtain 
help in progression is a walking stick. A study of 
the ways in which a walking stick becomes part of 
the locomotive machinery of the body of the walker is im- 
portant. because when it is fitted to the body it becomes an 
elementary type of spoke, related to the spoke of the wheel 
of a vehicle. It is also closely related to the club, and if it 
has a knobbed end and is reversed can be used as a club. It 
is also closely related to the thrusting spear, and can be used 
as a type of thrusting spear. A few ways of using it as a help 
in progression will be briefly noticed. 

In the first way, the handle of the stick is held always 
slightly ahead of its point, or base, with the shaft inclined 
at an angle of about thirty degrees to the vertical. The right 
hand holding the handle moves opposite tlic left leg; and is 
forward when the left log is forward, and back when the left 
leg is behind. The base of the stick is placed on the ground 
at the side of the right foot when the right foot is behind and 
about to make a thrust on the ground to propel the body. It 
remains in contact with the ground after the right foot has 
moved forward and until the left foot makes its thrust on 
the ground. 

The base of the stick meets the ground just in time for the 
walker to give a thrust with his stick to help the thrust given 
by the right foot. Since it remains in contact with the 
ground until the left foot makes its thrust, the walker is able 
to use the stick to help the left foot as well as the right foot 
to make its thrust. In this way of using the stick, the walker 
can use it to help the thrusts of each foot in turn. 

As the left foot finishes its thrust on the groxmd and begins 
to move forward, the walker lifts the stick off the ground and 
brings it forward, but still keeps it inclined at the same angle 
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to the vertical. The right hand moves forward until it is 
opposite the place where the left foot is placed on the groimd. 
The stick is then placed once again on the ground, but 
because it is inclined at about thirty degrees backwards, its 
base instead of touching the ground opposite the left foot 
touches the ground at the side of the right foot. The move- 
ments arc then repeated, as described above. 

When the right or loft foot is behmd and making its thrust 
on the ground, the leg is not much bent at the knee and is 
almost straight and inclined at about thirty degrees to the 
vertical. When the base of the stick is on the ground just at 
the side of the right foot, the stick is alongside the right leg, 
and the stick and leg thrust on the ground together in parallel 
directions and from almost the same place. 

When the left foot is making its thrust the stick, not having 
been moved forward when the right foot went forward, is 
nearly opposite the left leg and parallel to it; and the stick 
and left leg thrust on the ground together and in nearly 
parallel directions. 

When walking without a stick, the hands swing backwards 
and forwards, the tight hand being opposite the left foot, and 
the left hand opposite the right foot. This natural rhythmical 
movement of the hands is performed when the walking stick 
is used in the manner described above, for the right hand 
holding the handle moves in time with and opposite the left 
foot, and the left hand moves in time with and opposite the 
right leg. The movements are however not quite so free and 
the hands do not move to quite as great an extent as when 
no stick is used. The walking stick is used in this manner 
usually by an able-bodied walker who however needs or likes 
some help in progression. 

The amount of help to progression given by use of the 
stick depends on the amount of thrust given by the hand to 
the stick when the stick is in contact with the ground. A 
considerable degree of help may be given, or very little may 
be given. A small proportion of the weight of the body is 
borne by the stick and taken off the left leg, because the 
stick is on the ground during the time the left foot is on the 
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ground, and the walker leans slightly on the stick. The stick 
is off the ground when the right foot is on the ground, except 
for the moment the right foot is making its tltrust, and there- 
fore the right foot is not relieved of any of the weight of the 
body. Indeed, the right foot has to bear the weight of the 
stick in addition to the weight of the body 

If a walker has the help of a staff instead of a walking 
stick, he uses it in much the same way as described above; 
but since he grasps the staff at about the height of his breast 
or shoulder, he depends from the staff and does not lean on iL 

In the second way of using a walking stick, the stick meets 
the ground near the right foot as the foot is about to leave 
the ground. Instead of meeting the ground again when the 
right foot next goes behind, the stick is brought back by the 
hand so that it is inclined at an angle of about thirty degrees 
to the horizontal, the point, or base, of the stick bmng higher 
than the hand. It meets the ground again near the right foot 
as the right foot then goes behind, the right foot and stick 
being together on the ground only at alternate stops of the 
right foot. A walking stick is used in this way by a smart 
and quick walker who does not require much help in pro- 
gression. The natural rhythm of the hands is not much 
affected, and indeed may be helped. 

No appreciable portion of the weight of the body is borne 
by the stick, but a slight thrust is given by it as the right foot 
makes its thrust; and a slight thrust is also given by the slick 
as the left foot makes its thrust, the base of the stick remain- 
ing in contact with the ground from the moment the ri^t 
foot makes its thrust to the moment the left foot makes its 
thrust. In this way of using the stick both feet are helped in 
turn when making their thrusts on the ground to propel the 
walker forward. Because the stick is carried and not placed 
on the ground for the next steps of the right and left foot, 
the right and left feet are helped in making their thrusts only 
on alternate steps. 

In the third way of using a walking stick, the right hand 
holding the handle moves opposite the left foot. The stick 
is kept vertical, and its point is placed opposite the l$£t foot, 
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and remains on the ground while the left foot is on the 
ground. Sometimes, instead of being kept vertical, it is in- 
clined slightly forward and makes contact with the ground 
slightly ahead of the left foot The walking stick is not 
used in this way by a brisk walker, but commonly by old 
or slightly infirm people. The walking stick acts as a sup- 
port for the left leg. The walker leans on it, and places 
some of his weight on the stick instead of placing all of it 
on the left leg. The left leg is helped in making its thrust. 
Clearly, the stick, since it works with the left leg. corresponds 
to the left leg. 

In the fourth way of using a walking stick, a way used 
mostly by infirm people or cripples, the hand is held against 
the right groin, and the stick remains always alongside the 
right leg. It meets the ground when the right foot meets the 
ground, remains on the ground while the right foot remains 
on the ground, and is lifted ofi die ground when the right 
foot is lifted off the ground. The hands do not swing in time 
with the opposite legs, since the right hand is kept against the 
fight groin, but the left hand may be swung in time with the 
right leg. 

The walker leans on the stick when the right foot is on the 
ground and the stick bears part of the weight of the body and 
partly relieves the right leg of die work of bearing the weight 
of the body. The thrust which would be given wholly by 
the right foot if no stick were used is given partly by the 
stick. Nearly the whole weight of the body and most of the 
thrust can, if necessary, be borne by and given by the stick 
instead of by the right foot. Since the stick is lifted off the 
ground when the right foot is lifted, the left leg is not helped 
in its work of bearing the weight of the body or making a 
thrust to propel the body forward. Indeed, the weight of 
the stick must be borne by the left leg in addition to the 
weight of the body when the left leg is on the ground. 

The above way of using a walking stick is useful when the 
right leg is not so strong as the left or is crippled. If the left 
leg is not so strong as the right or is crippled, it can similarly 
be helped if the stick is held in the left hand. 
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The base ol the slick, in the first two ways of using the 
stick is placed in contact with the ground at the side of the 
right fool. The hand thrusts on the stick to help the right 
Coot which then moves forward. The hand again thrusts on 
the stick, this lime to help the left foot. The left foot how- 
ever is a step in advance of the place where the right foot 
and stick were placed side by side; and therefore the stick 
must be of such a length that when the right arm and stick 
are in a straight line the base of the stick can just reach to 
one pace behind the left foot when it is behind the body. 

A stick which is equal in length to about the distance 
between the heel and the groin allows the arm to straighten 
to its full extent as it gives its thrust on the ground to help 
the left leg. In the third way of using the stick since the 
hand holding the handle is at the groin the length of the 
stick will also be about the length of the distance between 
the groin and heel. The length of the stick, of course, varies 
according to the height and length of leg of the user, a tall 
man requiring a longer stick than a short man. 

A walking stick forms a kind of additional leg. It there- 
fore differs fundamentally from an artificial leg provided to 
replace a lost limb, because it works in harmony with its 
human counterpart. An artificial limb has no human counter- 
part with which to work, and is meant to replace a human 
limb. A weapon or implement like a walking slick does not 
replace a limb, but serves as an artificial extension for a 
human counterpart, and allows some of its powers to be 
extended. But much can be learnt about weapons and 
similar types of contrivances from a study of artificial 
limbs. 

An artificial leg of a modem type resembles a human leg 
more closely than an artificial leg of an older type resembled 
it. .An artificial leg of an old type was often a piece of wood 
in shape something like part of a broom handle, strapped or 
fastened to the body or stump of the leg. A modern artificial 
leg may consist of several parts each of which resembles 
superficially some particular part of the human leg. 

The part of the leg to which a particular part of an artificial 
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leg corresponds can often at once be known because of 
sjfiularities of shapes, sizes, positions, and ways of working 
between the artificial and human parts. 

Correspondence of a particular part of an old type of arti- 
ficial log to any particular part of the leg was often not evi- 
dent, but could sometimes be deduced from certain 
similarities of sizes and positions and ways of working. For 
example, the base of a modem artificial leg is sometimes 
formed by a part which resembles in shape and size the sole 
of the human foot. It is at the extremity of the limb, and 
forms the base on which the body rests when not resting on 
the other foot. This part clearly corresponds to the sole of 
the fool. The base of an old type of artificial leg however 
was often merely the small circular end of the cylindrical 
piece of wood, and bore no evident resemblance to the human 
sole. But although correspondence could not have been seen 
because of little resemblance between the base and the human 
sole, it could have been deduced because of similarities of 
position and use. The base of the stump was situated at the 
end of the artificial leg as the sole is situated at the end of 
the human leg. It formed the base on which the body rested 
when not resting on the sole of the sound leg. It gave a 
thrust alternately with the sole of the sound leg. Clearly, 
the base of the stump acted as an artificial sole, and corre- 
sponded to a human sole. 

Parts of a walking stick do not evidently resemble parti- 
cular parts of the body; yet each part can be seen to 
correspond to some part of the body, usually through certain 
similarities of size and ways of working. 

Three main parts of a walking stick can be distinguished, 
the handle, the shaft, and the base. The handles of walking 
sticks are almost endless in variety. A common type of 
handle is semicircular in shape, with the convex side upper- 
most. The handle sometimes consists of a knob, sometimes 
it is barely distinguishable from the shaft. The shaft is 
usually straight, of circular section, and about half an inch 
or a little more in diameter, and usually tapers slightly from 
the handle to the base. The base may be formed merely by 
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the end of the stick; but is formed by the bottom of a 
ferrule, if one is fitted. 

The handle corresponds to the hand. Correspondence can 
be deduced because of similarities of shapes, sizes, and ways 
of working. The flesh of the insides of the fingers and of 
the palm where it is in contact with the handle takes the 
shape of the handle because of the pressure exerted between 
the hand and handle, and a fairly close fit of the hand and 
handle is obtained. 

The shaft corresponds to the leg between the groin and 
the foot, since the stick is parallel to the leg when it is making 
its thrust, and the length of the stick corresponds approxi- 
mately to the length of the leg and partly relieves the leg of 
its work of bearing the weight of the body and making the 
thrust to propel the walker. When used in the third way, 
the stick corresponds to the right leg, for it lies alongside 
the leg at all times and partly relieves the right leg of its 
work. When used in the first and second ways, it is not so 
easy to decide to which log the stick corresponds for it helps 
each in turn. When the right leg is making its thrust it 
corresponds evidently to the right leg; when helping the left 
leg it corresponds to the left leg. It appears tlierofoto that 
the stick is an instrument which corresponds alternately to 
the right and left legs, and acts alternately as a supplement* 
ary ri^t leg and a supplementary left leg. 

It is not strictly correct to say that a part of a walking 
stick corresponds to a part of the human leg. More accur- 
ately, it should be said that the part of the stick or artificial 
leg corresponds to a locomotive device formed by the human 
leg. The complex tissues, arteries, veins, and other parts 
and devices of a leg are not reproduced at all in the struc- 
ture of any part of a walking stick or artificial leg, and 
neither the part of the walking stick nor the part of the 
artificial leg come into organic relationships with the leg, but 
merely with the device formed by the locomotive machinery. 
The part of the walking stick or artificial leg merely repro- 
duces in a crude and rudimentary manner some of the 
locomotive devices of the leg. Although it does not come 
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into organic connection with the tissues and arteries and 
veins, it does come into organic connection with the loco- 
niotive devices of the leg, and works in harmony with them. 
It will be convenient for brevity to say that a part of a 
walking stick or artificial leg corresponds to some part of the 
leg, if it is understood that the term “ leg ” merely implies 
the locomotive device formed by the leg. Similarly, if an 
artificial device is said to correspond to the hand, arm, or 
other part of the body, it should be understood that it conc- 
sponds merely to the locomotive devices formed by the hand, 
arm or other part. 

A walking stick is placed alongside the human leg; a stilt 
however forms an extension extending beyond and project- 
ing from the leg. We may notice two types of stilts. One 
type, often used by children, is made from poles about five 
feet long, with steps about six inches from the ground for the 
feet to rest upon. By means of this type of stilt each leg is 
given an extension of about six inches. A walking move- 
ment is crudely reproduced by the stilts as they are moved 
by the user. 

A second and more useful type of stilt is that used in the 
Landes of Gascony. The stilts have stirrups for the feet 
about five feet from the ground, but possess no parts above 
the knees. The parts of the stilts above the steps are fast- 
ened to the legs. A long stall is used in conjunction with the 
stilts to prevent the stilt walker over balancing and falling 
when at rest, the staff and the two stilts then being used as 
a kind of tripod, 

When on stilts the foot is raised above the ground to the 
height of the stirrup, or step, of the stilt, in the case of a stilt 
used in the Landes to about five feet above the ground. The 
sole of the fool does not tread on the ground, and the work 
of treading on the ground is performed by the base of tiie 
stirrup of the stilt (Cp, Rule 5). The base of the stilt replaces 
the sole of the foot in this work, but indirectly the human 
sole treads on the ground through the agency of the base of 
the stilt (Cp. Rule 4). The base of the stilt is not shaped 
like a foot, and no attempt is made by the maker of a stilt 
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to copy the foot, as, for example, is made by a shoe-maker 
who makes the sole of the shoe correspond in outline to the 
human sole. An advantage obtained by raising the foot 
above the ground is that the foot remains dry and clean when 
the stilt walker passes over wet and dirty ground. An advan- 
tage obtained by using the artificial sole, formed by the base 
of the stilt, instead of the human sole is that the wear and 
tear of the human sole is prevented, and the wear and tear 
occasioned by progression is taken by the base of the stilt. 

The fitting of the stilt allows longer strides to be taken, 
and a stilt walker appears to take very long strides. The 
stilts are made to perform walking movements, each stilt 
being placed alternately in front of the other. The actions of 
a stilt walker however are very clumsy and stiff, the actions 
of the locomotive machinery of the body when fitted with 
stilts being proverbially “ stilted ”. 

Each stilt is moved by the leg to which it is fastened and 
cannot have movements independent of or different front 
those of the leg. A stilt, for example, cannot be made to 
move forward when the leg to which it is fastened is moved 
backwards. The movements of the fool and base of the stilt 
are similar. Each part of the stilt is indeed made to per- 
form movements and actions similar to those of its corre- 
sponding human part. The leg of the stilt makes movements 
and actions similar to those made by the leg for which it 
forms an extension. When the leg is raised or lowered, the 
leg of the stilt ascends or descends. When the leg is moved 
forward, backward, or sideways, the leg of the stilt similarly 
moves forward, backward, or sideways to correspond. The 
base of the stilt, or rudimentary artificial sole of the loco- 
motive machinery must perform movements and actions 
similar to those of the human sole above it. When the human 
sole is raised, the base of the stilt rises; when the human 
sole is lowered, the base of the stilt descends; and so on. 
Similarly, the part of the stilt strapped to the leg partakes 
of all the movements of the leg to which it is strapped. 

The body is supported partly by the legs and partly by 
the stilts. When a leg goes behind, it gives a thrust to move 
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the walker forward. This thrust is transmitted to the ground 
directly by the stilt, and the sole does not directly press on 
the ground, but presses only indirectly on the groui^d through 
the agency o£ the stilt. The leg of the stilt and its base there- 
fore partly take over the work of the leg and sole, and per- 
form a work performed in somewhat the same manner by 
the leg and sole when walking without stilts. 

As has been stated, the human locomotive device to which 
any artificial device is intimately related and to which it may 
be said to “ correspond ”, can be known from the position of 
the artihcial device. The artificial device usually is in 
contact with its corresponding human device, but may be 
“transferred”. A left shoe is specially related to the left foot, 
for it is made for the left foot, and is used by it. and is 
fitted to it, and partakes of the actions and movements 
of the left foot. It “ corresponds ” to the left foot, and 
of course, is always used by the left foot. It would not 
be found on the right foot, for it does not correspond 
to the right foot and could not work well with it. The 
way an artificial device can be transferred is stated in 
Rule S which says that a device can be transferred from one 
end of a part to the opposite end of the part. Examples of 
the ways parts of weapons are transferred have been given. 
Two simple examples will now be given to show that the 
transferring Rule applies also to locomotive contrivances. 

The base of a stilt, it has been shown, acts as a kind of 
rudimentary mechanical sole. The base is a separate device 
of the stilt although it may not be separately made and may 
be, and indeed usually is, merely the end of the stilt If a 
ferrule or stud were placed on the end of the stilt then the 
device would be a separately made device. The artificial 
sole of the locomotive apparatus, whether separately made 
or not, is not found near the human sole to which it is speci- 
ally related and to which it corresponds, but is found at the 
end of the leg of the stilt opposite the human sole, having 
been transferred from the part of the stilt where the human 
sole is placed to the opposite end near the ground. Again, 
the part of the stilt below the leg corresponds to the human 
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leg above it, for it bears some rudimentary resemblances to 
it and performs similar actions and movements. It is huW' 
ever not found alongside the human leg, but is found below 
it, as an extension for it, having been transferred to the 
bottom of the human leg; and the foot of the stilt, formed 
by the lowest part, has been transferred to a place near the 
ground. 

The sole or base of the locomotive apparatus, it should be 
noticed, has not been fully transferred from a position at the 
base of the human leg to a position at the end of the stilt 
near the ground, for the step, or stirrup, in which the foot is 
placed is a kind of sole, and is in the usual position of an 
untransferred device, namely, near to and in contact with the 
human part to which it corresponds, the part to which it 
corresponds being, of course, the human sole. The base of 
the stilt is therefore a device which has been only partly 
transferred from a position near the human sole to a position 
at the end of the stilt near the ground. The complete sole 
of the locomotive machinery is formed partly by the human 
sole, partly by the sole of the shoe worn by the still 
walker, partly by the stirrup, and partly by the base of the 
stilt. 

The sole of the stilt walker is therefore in four parts. One 
part is human and the other three parts are artificial. The 
human part is the sole of the foot of the stilt walker. This 
human part docs not tread on the ground, and docs not ex« 
perience the wear and tear occasioned' by progression, nor 
does it become wet and dirty in passing over wet and muddy 
grotmd, The three artificial parts are the sole of the stilt 
walker’s shoe, the stirrup or step on which the shoe rests, 
and the base of the stilt Three of the devices are close to- 
gether. namely the human sole, the sole of the shoe, and the 
stirrup: but the part of the sole formed by the base of the 
stilt is transferred to the end of the stilt opposite the foot. 

The four parts work together and have similar movements, 
but the parts do not move to the same extent. Because the 
sole of the shoe is below the sole of the foot, when the leg is 
moved it is moved through a slightly greater distance than 
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tlm sole of the fool. The stirrup is below the sole of the 
shoe, and therefore it is moved a slightly greater distance 
than the sole of the shoe. The base, however, because it is 
at the bottom of the stilt is moved a considerably greater 
distance than the stirrup at each step. 

As a rule a locomotive device resembles the human device 
to which it corresponds. Sometimes the resemblance is un- 
mistakable; sometimes there is only a rudimentary resem- 
kluiKe. Thus, a shoe resembles a foot in shape, and its sole 
resembles the human sole in shape. But the base of the 
stilt, which is a rudimentary type of shoe or sole, has only 
the most distant resemblance to the human sole. 

When a stilt is used, the base of the stilt instead of the 
sole of the foot makes contact with the ground. As a general 
rule, when a mechanical aid is used, the human device to 
which it corresponds acts only indirectly and through the 
agency of the mechanical aid in order to perform the work 
which it formerly performed directly by itself. It is unnec- 
sary and indeed not possible for the sole of a stilt walker to 
make contact with the ground, and contact is made only in- 
directly through the agency of the base of the stilt. It is 
unnecessary, whenever any mechanical aid is used, for the 
corresponding human device to do the work it would do 
without its aid, and it would, of course, be useless making 
the mechanical aid if the human device still had to do the 
work. When walking, the body is propelled forward by a 
backward thrust on the ground by the foot, which according 
■to elementary dynamics becomes a thrust forward on the 
foot by the ground. When using stilts, the foot placed in 
the stirrup still performs much the same action to propel the 
body forward, but the foot thrusts on the stirrup and not oh 
the ground. But the thrust is transmitted by the leg of the 
stilt to its base and finally to the ground. The base gives a 
backward thrust on the ground, and the ground then gives 
a forward thrust to propel the stilt walker. The thrust of 
the foot on the stirrup is transferred to the opposite end of 
the part of the stilt below the foot, in accordance with the 
transferring Rule slated above; and it is evident therefore 
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that an action as well as a device can be iransf erred from 
one end of a part to its opposite end. 
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THE TRAVOIS AND IRISH SLIDE CAR 

T he travois is a primitive type of cart used by the North 
American Indians. It consists of two poles joined at 
their ends, two ends being free. The contrivance 
somewhat resembles the letter A, the top of the A resting 
on the horse's back, and the open ends trailing on the 
ground behind the animal. The Indians often after striking 
camp make a travois from two tent poles. By tying cross 
bars to the legs of the travois, baggage and women and chil- 
dren can be carried on the primitive cart so formed. 

The two ends of the travois which trail on the ground bear 
part of the load which otherwise might have to be borne 
entirely on the back of the horse, the proportion of the load 
borne by the ends of the travois depending on the distance 
of the load from the ends. If the load is placed well back, 
most of the weight is borne by the two legs of the travois; 
and tlie roar legs of the animal are then almost relieved of 
the work of bearing the weight of the load. 

The two legs of the travois form a rudimentary pair of 
artihcial legs which partly replace the animal’s legs in the 
work of bearing the weight of the load. They cannot be 
made to perform even the most rudimentary walking motions, 
like those performed by stilts or by the spokes of the wheels 
of a vehicle, but are dragged along the ground as one might 
imagine the rear legs of an animal might have to be dragged 
by the animal if they were broken. 

Since the legs of the travois cannot be made to move in 
any way to hdp in propelling the load forward, the animal’s 
hind legs must thrust against the ground to provide the 
motive power. The ends of the travois help merely in bear- 
ing the weight of the load, and do not help or take part in 
propelling it. 

The use of a travois gives the advantage of relieving the 
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aoiiua] ol most of the weight of the load, and the animal is 
therefore more free to pull the load forward than if it had 
the double task of bearing the weight oi the load and uf 
pulling it forward. Since there is less weight on the animal’s 
back when part of the load is carried by tlie legs of the 
travels, there is less wear and tear on the animal’s hooves, 
the extra wear and tear occasioned by the weight of the load 
being taken mainly by the ends of the travois which trail on 
the ground. These become worn after some use, and must 
be replaced or new poles must be used. The ends which 
trail on the ground clearly correspond to the hooves of the 
animal, for they perform somewhat similar functions in bear- 
mg part of the weight of the load and in taking the wear and 
tear occasioned by the weight of the load. Like the hooves 
they make contact with the ground. They also relieve the 
hooves of the wear and teat which would have to be taken 
by the hooves if the load were placed directly and wholly on 
the horse’s back. Like the hooves, they must be repaired 
or renewed. They have, however, not the property possessed 
by the hooves of being able to repair tbcmscives. 

The legs of the travois are directly behind the rear legs of 
the animal, each leg of the travois being behind one of the 
rear legs of the animal It is evident the right leg of the 
travois corresponds to the tight rear leg of the animal, and 
the left leg of the travois to the left rear log of the animal. 

A primitive form of the Irish slide car resembles the North 
American travois, but is more in the form of the letter H 
than the letter A, being open at both ends, the front ends 
being fastened to the sides of the horse after the manner of 
the shafts of a wheeled cart, in its simplest form it consists 
of two poles, or shafts, connected by crossbars, and fitted 
with a cage or frame to hold a basket or other container. To 
prevent the ends of the poles wearing as they trail along the 
ground, they are usually fitted with wooden runners which 
may be fastened so that they are nearly horizontal, or be 
fastened to lie nearly along the lengths of the poles. This 
primitive type of Irish slide car is used mainly in hilly coun- 
try for transporting peats, ferns, and hay, from high grounds 
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to lower levels: and for these purposes is more useful than 
a wheeled cart* which would need a drag when descending 
and would be heavy to haul up hill.* The slide car is very 
light, and can easily be hauled up hill, and its sledge action 
when descending is preferable to the action of a cart fitted 
with a drag. 

Correspondence of the poles to the rear legs of the animal 
is slightly more close in the case of the slide car than m that 
of the travois. The poles instead of branching out from a 
point on the animal’s back, are nearly parallel: and therefore 
each pole for the whole of its length is more directly behind 
the leg to which it corresponds. Also, the runners correspond 
more closely to the hooves, since they are separate parts. The 
runners besides con'esponding to the hooves correspond to 
the horse’s shoes, if any are fitted. A horse shoe is an arti- 
ficial aid to the horse’s locomotive machinery, raising it to a 
height above the ground equal to the thickness of the shoe, 
preventing wear of the hoof, and talcing the wear that other- 
wise would be taken by the hoof. That the shoe corresponds 
to the end of the hoof is evident from its position, the shoe 
being situated exactly at the end of the hoof. It is evident 
also from its shape, the shoe following exactly the form of 
the end of the hoof and fitting snugly against and into it. 
Indeed, to make correspondence as exact as possible, the 
shoe is fitted when red hot and bums its shape into the hoof. 
A runner is not situated near the hoof, but is transferred to 
the end of the pole which itself corresponds to the horse’s 
bind leg. Like the shoe, the runner must be as good a fit as 
possible on the pole. There is only the most rudimentary 
resemblance in shape between the shoe and the runner; but 
correspondence of functions makes it evident that the runner 
corresponds to the shoe. 

iDf. Cyril Fox, Sleda Carts and Waggons, Antiquity. Vol. V, 
1931; Al&ed C. Maddon, The Study of Man. 
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THE HOBBY HORSE 

T IHE hobby horse, Corenmaer o£ ihe modcra bicycle, 
first made its appearance about the begmning of the 
nineteenth century. It consisted of two wheels of 
about equal sizes, placed one in front of the other, and con- 
nected by a horizontal bar, or backbone, on which the rider 
sat astride. The rider steered by means of a handle fastened 
to the front wheel, which he grasped by both hands. He 
propelled himself and the machine by pushing on the ground 
with his feet. 

When seated on the hobby horse, the rider’s feet could 
comfortably reach the ground and prevent him falling side- 
ways. When moving, the feet performed modified walking 
or running movements taking long strides, the impulses to 
propel the ridei and machine being given by thrusts from the 
toes of the feet as they came alternately near the back 
wheel. 

The length of the stride was approximately equal to the 
distance between the points of contact of the wheels with 
the ground. The foremost loot was placed on the ground 
below the front hub, and remained on the ground untfi the 
toes came about under the rear hub; and as the foot went to 
the rear the toes thrust on the ground to propel the machine 
and rider. 

The weight of the rider was borne almost entirely by the 
machine; and only a small proportion of his weight was 
home by the feet as they were placed on the ground; the 
spokes in turn as they came to the lowest positions taking 
nearly all the weight. Since each spoke of each wheel in turn 
performed leg actions, as described in a previous chapter, 
and the parts of the rims near them performed foot actions, 
the hobby horse was a contrivance which enabled the rider 
to proceed over the ground with a quick walking or running 
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action, with a stride about equal in length to the distance 
between the hubs. 

Because the rider’s weight was borne almost entirely by 
the machine, his legs were freed from the work of supporting 
his weight, and could be used mainly for the work of pro- 
pelling himself and the machine. On smooth, hard, level 
ground the advantages of having no weight on his legs and 
being free to use them to give the impulses for progression 
enabled fairly quick progress to be made. On a downward 
slope considerable advantages were gained, because the 
weight of the rider being borne by the machme and no im- 
pulses being required from the feet, the rider could remain 
seated on the machine which ran forward under its own 
momentum until it came to rest at the bottom of the hill. 

A runner who is descending a hill may not need to propel 
himself forward, or hold himself back, if the hill is of a 
certain steepness; but he is under the necessity of placing his 
legs alternately in front of himself to prevent himself falling 
to the ground. The work of propelling his body is done by 
the force of gravity; but the runner must exert himself strenu- 
ously to move his legs so that his body shall be supported at 
a constant height above the ground as he moves down the 
hill. If the hhl is so steep that he cannot place bis legs in 
position quickly enough to hold up his body, he must check 
his motion by thrusting against the ground with the foot 
which is foremost. 

When descending a hill astride a hobby horse, the rider is 
not under the necessity of supporting his weight, and the 
actions of placing the feet alternately in front of each other 
are performed automatically by the artificial legs or spokes 
of the wheels. The rider can therefore keep his feet off the 
ground and allow the machine to run freely down the hill. 
The action of placing one spoke in front of another can be 
carried out at a great speed by the wheels, and so there is 
no need to check the speed of the rider and machine; and 
the speed that can be attained by a rider descending a hill 
with the aid of a hobby horse is much greater than can be 
obtained by means of the unaided legs. When ascending a 
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hill, il it is at all steep, the advantage ol having the weight 
of the body carried by the machine does not outweigh the 
disadvantage of having to propel the machine as well as the 
rider; and usually the rider must dismount and push the 
machine to the top of the hill before he can ride again. 

The balance of the hobby horse and rider is kept in much 
the same way as when a person is running. When a person 
stands, a base is formed by the soles of his feet or shoes; and 
to keep upright he must stand so that the centre of gravity 
of his body is above this base- The shape and position of 
the base can be easily seen if a chalk line is drawn round 
the soles enclosing the feet, or a cord is tied tightly round 
the soles passing round the outsides of the toes and heels. 
A small child finds difficulty in keeping his centre of gravity 
above this base, but gradually discovers how to do it; and 
eventually can maintain his balance without consciously 
trying to do so. When a person stands he is continually 
using his locomotive muscles to keep the centre of gravity 
of his body above the base, the actions being performed 
almost unconsciously. If the centre of gravity is not kept 
above the base, the person of course will fall down. 

When walking, the centre of gravity of the body is moved 
forward in more or less a straight line. In order to prescarve 
balance, it must be kept above the base formed at any lime 
by the soles of the feet or shoes. Since the walker is moving 
forward, the base must continually be moved forward and 
be changed in shape, but the centre of gravity must be kept 
above the base. 

When standing, the feet are usually placed side by side, 
and a small distance apart so as to form as large a base as 
can conveniently be made. When walking the feet are not 
kept so far apart sideways, and move more nearly in a single 
track. The width of the base at any moment is therefore 
less as a rule than when standing, and the walker would be 
more liable to fall sideways than if he stood still; but because 
of the tendency of a mass to move in a straight line the 
Width of the base can be made less widi safety than when 
standing still. If a walker feels he is going to fall to one side 
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be places the foot nearer that side a little farther outwards 
to make his base lie under the centre of gravity. 

When running, the feet move more nearly in a single track 
than when walking; but owing to the greater speed at which 
the centre of gravity is moved balance can be easily kept by 
placing one foot a little outwards towards the side the runner 
feels he is falling and so bringing the centre of gravity again 
within the base. In practice the foot is placed a little too 
far to one side and the centre of gravity therefore begins to 
fall to the other side. This tendency is then corrected by 
placing the other foot a little too much to that side. This 
process is continued during the whole time the runner is 
moving. 

In order to turn a comer, the centre of gravity must be 
made to fall towards the direction in which the runner wishes 
to go. He therefore places a foot outwards in the opposite 
direction so that the base is well on the outside of the curve 
he wishes to describe. The body then has a tendency to fall 
towards the inside of the comer, and the runner can then 
round the corner. For example, if a runner wishes to turn 
to the left, he places his right foot outwards and brings his 
left foot near to it with his next step. His centre of gravity 
then falls to the left of the base and the runner’s body begins 
to fall to the left. The centre of gravity is then forced to 
describe a curve towards the left. When the turn has been 
made, the runner places his feet, as nearly as he can, again 
under the straight line which the centre of gravity will then 
describe. 

When riding a hobby horse, the balance is kept according 
to the principles by which the balance of a person is kept 
when standing still, walking, or running. When the rider 
sits astride and before he moves forward, he must form a 
base with his feet and the artificial feet of the machine, within 
which the centre of gravity of the machine and rider can fall. 
This base is made by the feet and the points of contact of 
the wheels with the ground. As long as the centre of gravity 
of rider and machine falls within the base made by chalking 
a line or drawing a cord tightly round the points of contact 
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oC the wheels and feet with the ground, balance will be 
maintained. If the rider lifts one foot oil the ground, the 
base is then formed only by dre triangular area whiclr could 
be shown by a line drawn round the points of contact of 
the wheels and one foot. Since the rider sits nearly over the 
line between the two wheels, he is in some danger of falling 
to the side on which no foot is placed. 

When moving slowly, the feet are placed on the ground 
nearer the machine. The base therefore is narrower. But if 
the rider feels he is falling to one side he places the foot 
which is on that side a little farther outwards, thus incrcas' 
ing the width of the base on that side. By exerting some 
pressure with his toe he can throw his centre of gravity a 
little more to the other side and so correct the tendency to 
fall. 

When moving at speed, the feet are not used to any extent 
to form the base; and the balance is kept almost entirely by 
moving the front spokes by means of the handle neld by the 
hands. As in running, the track is almost a suigle line, one 
wheel moving nearly in the track made by the other. The 
centte of gravity of machine and rider will move forward in 
a straight line unless prevented from doing so. But because 
of the unevenness of the ground, and because Uic machine 
wm not run exactly in a straight line, the centre of gravity 
will proceed in a slightly different direction from that in 
which the machine is moving; and in a few moments the 
centre of gravity would not be over the very narrow base 
formed by the line joining the points of ground contact of 
the two wheels. But when the rider feels he is falling to 
one side he immediately steers towards that side. This 
brings the weight to the opposite side to which he was 
about to fall, and he then begins to fall to the other side. He 
then immediately steers towards that side, causing himself 
to begin to fall to the other side. These movements are 
repeated, the rider steering first to one side and then to the 
other. When learning to keep balance, the rider usually 
steers the machine too much to the side to which he feels 
he is falling. There is therefore too much of a tendency to 
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fall to the other side, which the rider then tries to correct 
by steering too far to that side. But as he becomes more 
expert, he learns to steer only slightly and suQiciently to the 
side to which he feels he is going to fall; and after a time 
can perform the correcting movements so nicely that the 
machine appears to be moving almost in a straight line with 
the rear wheel moving almost in the track of the front wheel. 
But if the tracks made by a bicycle on a road or other sur- 
face are examined, it will be seen that the front wheel’s track 
is always at first to one side and then to the other of that 
made by the back wheel. As a child after learning to keep 
his balance performs the movements for balancing almost 
unconsciously, so, after learning to ride, a cyclist similarly 
performs the movements of balancing almost unconsciously. 

The ways balance is maintained by a person standing or 
moving and by a person when on a bicycle are of course well 
known, and are described at length in books on mechanics 
and on the theory of the bicycle. They have been briefly 
slated again here, merely to help to show that when mech- 
anical contrivances are fitted to the body, the principles by 
which balance is maintained are the same as those by which 
it is maintained when no mechanical contrivances are used. 
If the theory of this work is correct that the use of mechani- 
cal contrivances inhoduces no new principles, then it can be 
expected that the ways a person keeps his balance when say 
on a bicycle will be similar to the ways he keeps his balance 
when wdking or running. 

When steering a bicycle, the front spokes are placed first 
to one side of the madiine and rider and then to the other; 
and instead of the feet performing this movement, as when 
ru nning or walking, the artificial legs, formed by the spokes, 
perform this movement. The spokes therefore relieve the 
feet of this task of directly making contact with the ground 
to preserve balance; and are clearly rudimentary forms of the 
devices formed by a runner’s legs for preserving balance. The 
spokes also take the weight of the machine and rider, and 
therefore correspond to the devices formed by the legs of a 
runner to take the weight of the runner. 



D/U MECHANICAL BIOLOGY 

If, as u rider was moving on a hobby horse, the maciiino 
could be made invisible, the rider would seem to be progress- 
ing in a manner somewhat resembling that in which a i unner 
moves. The locomotive actions however would be moditied. 
some considerably, some hardly at all. The actions of the 
legs would not be much different. They would be placed 
alternately in front of each other as in running. The rider 
would seem to be running daintily on his toes, and would 
seem to be taking very long strides. As each leg came back, 
the knee would be slightly bent as in running. The rider 
would seem to be “riding on air”. Actually he would be 
riding on a very heavy and clumsy machine. 

When walking the arms are moved alternately with the 
legs. As the left leg goes forward the right arm goes for- 
ward; as the left leg comes back the right arm comes back. 
Similarly the right leg and left arm are moved together for- 
wards and backwards. When running the arm actions are 
modified, an3 the arms are not lifted so high as when walk- 
ing but are kept about waist high, and moved sli^tly across 
the body instead of upwards and downwards. When riding 
on a hobby horse, the arras do not make any movements to 
correspond with the forward and backward movements of the 
legs, except for very slight movements as the machine i.s 
steered, and are kept almost stationary on the steering handle, 
but at about the height of the waist. On no type of bicycle 
at present in use can the hands be moved in time with the 
legs; and no doubt this is one cause of the difference in the 
movements and actions of a runner and a cyclist. In the 
(pioneering days, some machines were made in which the 
hands operated levers to propel the machines, and performed 
forward and backward movements as in running. Sometimes 
hand levers and foot levers were used on the same machine. 
Baron de Drais, a pioneer of the bicycle, made a machine 
which was driven by hand levers assisted by the thrust of 
the feet on the ground. Many types of tricycles have been 
made, and many are used today, principally by invalids, in 
which the propelling impulses are given by the hands and 
not by the feet The "Road-scullar” and “Oarsman” 
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tricycles were designed so that as many muscles ul the legs, 
back, chest, and arms, as possible could be used. ' On the 
bicycles in use today, the principle that the arms should be 
moved to help progress and preserve balance has been 
largely neglected; and no means can yet be seen of usefully 
making the arms move. Perhaps the bicycle of the future 
will need movements of the arms as well as the legs. Its 
form however cannot yet be seen. 

I A. Sharp, B.Sc., Bicycles and Tricycles. 
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THE BICYCLE 

T he impulses to propel the rider of a hobby horse were 
givea by the feet making contact with the ground and 
pushing the machine and rider forward, and no means 
were provided for making the spokes of the wheels give the 
impulses. But means were soon discovered of relieving the 
feet of the tasks ol making contact with the ground and 
directly giving the impulses. Pedals were fitted for the feet 
to tread upon, and the impidses instead of being directly 
given to the ground wore given to the pedals which trans- 
mitted them by means of cranks, cogs, and other devices, to 
the spokes or mechanical legs which then transmitted them 
to the rims and tyres which finally transmitted them to the 
ground. 

The weight of the rider and machine was borne by the 
spokes; but the weight of the rider was not taken altogether 
off the legs at all times, for as each foot pressed on its pedal, 
the rider’s weight was partly placed on the pedal and his log 
then bore part of the weight of the body. When running 
down hiU, however, the rider could take his feet olt the 
pedals, and his feet could be entirely relieved of the need for 
supporting the weight of the body; and the weight of the 
machine and rider was then borne by the spokes, which 
automatically performed running actions, one spoke being 
placed in front of another as the machine ran forward. 

The Ordinary bicyde, or penny-farthing bicycle as it was 
popularly called, first appeared about 1870. Its essential 
features were a large front wheel and a small rear wheel 
joined by an iron rod or tube which curved over the front 
wheel to the hub of the rear wheel. Cranks and pedals with- 
out gearing were fitted to the front whed, which revolved 
once for each revolution of the cranks. Handle bars were 
fitted to the front wheel, by means of which the machine and 
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rider were steered and balanced. In the early models the 
diameter of the front wheel was usually between 40 and 48 
inches, and that of the smaller wheel about 16 inches. Later 
models sometimes had a front wheel five feet or more in 
height and a rear wheel with a diameter as small as 12 
inches. 

The fitting of locomotive aids to the machinery of the body 
although it gives advantages for certain purposes is accom- 
panied by conesponding disadvantages; and probably no 
absolute advantage unaccompanied by a disadvantage can be 
obtained (Cp* Rule 6). The fitting of an Ordinary bicycle 
to the body allows the length of the stride to be increased; 
but the machine as well as the rider has to be propelled, and 
the force to propel both must be provided by the rider. The 
rider is raised above the ground, and his feet can remain dry 
and clean when passing over wet and dirty surfaces; but if 
he loses his balance he has farther to fall tnan if he falls 
when running. A greater speed can be attained with the help 
of an Ordinary bicycle than hi possible without its help; but 
the rider is at the short end of a lever when pedalling, and if 
the wind or the incline is against him, progress becomes 
harder than when running or wallcing, and frequently the 
rider is forced to dismount and push the machine. 

A bicycle it seems therefore is a contrivance which when 
fitted to the body gives the locomotive apparatus of the body 
certain advantages for certain purposes. By means of the 
mechanical aids provided by a bicycle the person fitted with 
them can take longer strides. The legs are not required to 
bear the weight of the body; but they arc not released com- 
pletely from the need for carrying the weight of the body, 
because as a foot presses on a pedal the weight of the body 
is partly carried by the leg pressing indirectly on the ground 
through the agency of the spokes. But when the cranks are 
vertical, the weight of the body is borne almost entirely by 
the machine, and the rider is then sitting on the machine, and 
little weight is put on the legs. 

The modem bicycle with both wheels of equal sizes, when 
it made its appearance was called a “safety” bicycle. 





because there was less danger on meeting with an obstruction 
of being thrown over the handle bars than when riding an 
Ordinary bicycle. On the Ordinary bicycle, the rider sits 
almost over the larger front wheel, and if the bicycle is sud- 
denly stopped, the rider is likely to be pitched over the from 
wheel; but on the safety bicycle the rider is lower and his 
position is well behind the front wheel and unless he is very 
suddenly stopped at considerable speed he is in little danger 
of being pitched over the handle bars. 

The pedals and cranks of a safety machine are nui rigidly 
fastened to either of the hubs, but are connected to the bub 
of the tear wheel by means of sprockets and a chain. The 
use of sprockets and a chain allows the cranks and rear hub 
to revolve at diSerent rales; and by suitably choosing the 
number of teeth on the crank and rear hub sprockets the 
rear wheel can be made to revolve at any desired speed 
relative to the crank shaft. The length of the stride can 
therefore be made of any desired length. 

When using a single-geared bicycle, the length of the stride 
cannot be varied, and the rider must take a stride of the same 
length whether running on the level, up hill, or down hill. 
This is an inconvenience, for a runner varies the length of 
his stride according to his speed and the gradient, and it is 
equally desirable that a cyclist should vary the length of his 
stride according to his speed and the gra^ent and the wind 
conditions. A runner when going up hill shortens his stride, 
and when going down hill lengthens it. Indeed, he varies the 
length of his stride with each variation of speed and gradient. 
When using a three-speed bicycle, the rider has a choice of 
three different gears, and can change the gearing to suit his 
speed and the gradient. By using the lowest gear he can take 
short strides and so surmount fairly steep gradients. He can 
change to middle gear to trawl on the level or against the 
wind or up a slight incline. To travel with the wind on the 
level or down hill he can change to top gear, and so take 
longer strides. 

Most bicydes ate now fitted with a free wheel device 
which allows the cyclist to sit on his machine as it moves 
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without pedalling. When the nder and machine are moving 
under their own momentum or being pulled down a gradient 
by gravity there is no need to exert any thrusts on the pedals, 
and since the rider is supported by the spokes which auto- 
matically place themselves under him to bear his weight and 
that of the machine, he need merely sit on the machine and 
steer it. 

When the rider of a hobby horse wishes to slow down or 
stop, he must check his motion in much the same way as a 
runner checks his motion, by reversing the means by which 
he propels himself. To propel himself the runner or rider 
thrusts against the ground with his rear foot : to check him- 
self he thrusts against the ground with his front foot. Usually 
several thrusts must be given by the feet, each foot as it goes 
to the forward position thrusting against the ground. 

In order to stop himself on the level or when tunning 
down hill a runner reverses the chrection of the thrusts which 
he gives to propel himself forward; and as each foot is placed 
m front he thrusts against the ground, gradually bringing 
himself to rest. To stop himself on the level or when going 
down hill the cyclist similarly must cause the spokes to exert 
a forward thrust on the ground so that the ground can exert 
a backward thrust to stop the movement of the machine. The 
spokes can be made to exert forward thrusts when the 
machine is a hxed-gear machine, if the rider presses on the 
pedals as they rise, instead of pressing on them as they 
decend. This method of slopping progress is usually effec- 
tive but is not always convenient, and is difficult if the 
machine is travelling at speed. Some machines are fitted 
with a “ back-pedalling ” device, and when the ridra: presses 
back on the pedals he makes a brake act on the back wheel 
and causes the spokes to exert forward thrusts on the ground. 
Most bicycles however have brakes fitted to one or both 
wheels which are operated by the hands. To stop the mach- 
ine the rider clenches his hand which encloses the handle bar 
grip and brake lever, and the brake acts on the tyre or rim 
and causes the spokes to thrust forwards. When a runner 
wi^es to stop, he similarly clenches his hands as he thrusts 
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forwards with his feet. When he slops suddenly, the cleiicli» 
ing movement of the hands is more pronounced tlian when 
he stops gradually, and similarly when a cyclist slops sud- 
denly he clenches the brakes and handle bar grips harder 
than when he stops gradually. 
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THE WHEEL 

I r has been shown lhal the iocomolive spokes of a wheel 
arc mechanical extensions of the legs of a person or 
animal. It will now be shown that the hub and spokes 
of a wheel also reproduce the hub and spokes of the hand 
or foot. 

The human prototypes of the hub and spokes of a wheel 
can be seen if the hand is made hat and the fingers are 
opened. The fingers then radiate from a hub formed by the 
palm; but as they are closed, the centre of the wheel 
approaches the wrist, and the hub is formed nearer the wrist. 
In a skeleton of the hand and wrist, the fingers radiate from 
the wrist; and the mass of wrist or carpus bones forms the 
hub, or nave, of the wheel. Each spoke is formed by a 
metacarpal bone and phalanges of a finger. 

The human spokes can be revolved round the axle of the 
wrist cither in the plane of the hand or in a direction at right 
angles to the plane of the hand. The movement in the plane 
of the hand can bo seen if the forearm and palm are placed 
on a table, when it will be found the hand and fingers can 
be revolved or turned round the axle of the wrist through 
about a right angle. The movement at right angles to the 
axle of the wrist can be seen if the forearm is held in a ver- 
tical position. The hand can then be turned from a horizon- 
tal position in front of the arm with the back of the hand 
uppermost to a horizontal position behind the arm with the 
palm uppermost. The limit of this movement is about two 
right an^es. 

When a person walks on his hands and knees, the palms 
of the hands and insides of the fingers are placed on the 
ground. As he moves forward the forearm revolves round 
the wrist joint or, what is the same thing, the hand revolves 

577 37 



JIQ 


Mechanical biology 


louad the wrist joint, in a direction at right angles to the 
plane of the hand. This may be called a movement of revo- 
lution round the wrist. A turning movement of the hand 
occurs when the person moves to the right or left, tiie Itand 
then being turned in its own plane to the right or left. Hach 
hand therefore has a movement of revolution at right angles 
to its plane round the wrist joint, and at intervals a turning 
movement in its own plane round tne wrist joint. 

The wheel of the hand is therefore laid Hal on the ground 
when a person walks on his hands and knees; and is in a 
horizontal plane and not in a vertical plane. A mechanical 
wheel however is upright, and rests on its rim in a vertical 
plane: and compared with the human wheel is turned through 
a tight angle ( Rule 10). The wheel of the hand can be 
turned through a right angle so that it is in a vertical plane; 
but progression is not easy with the wheel in this position, for 
the weight of the body then rests on the edge of the palm and 
little finger which form the rim of the human wheel. If Uie 
hand were placed in a vertical plane, as the person moved 
the hand would revolve so that the spokes of the lingers 
pointed downwards and the weight of the body would be 
placed on the vertical spokes of the fingers. The side of the 
hand and the fingers of a human being arc not strong enough 
to take the weight of the body, and the human wheel cannot 
conveniently be used if placed in a vertical plane. The rim 
and spokes of a mechanical wheel however can be made 
much stronger than their human counterparts, and the 
mechanical wheel can therefore be placed and used in a 
vertical plane. 

The foot is constructed on the same principles as the hand, 
the hands and feet of a creature being similar types of limbs. 
The remarks about the locomotive contrivances and actions 
of the hand apply therefore also to the foot, the spokes of 
the foot being formed by the metatarsal bones and phalanges 
of the toes, and the hub by the tarsus or ankle bones. 

Normally a person walks on his feet, or hind limbs, and 
the wheels of his body are formed mainly by his feet. A 
human being may therefore be said to be a two-wheded 
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creature; a bird a two-wheeled creature; a quadruped a four- 
wheeled creature; an insect a six-wheeled creature; and so on. 

A human wheel has five spokes, since the foot has five 
toes, all of which form spokes for locomotion. The human 
spokes are kept nearly parallel to each other as a person 
walks or runs. The number of spokes of a wheel varies in 
dilferent creatures. Some birds have three spokes, some two; 
and the spokes of the foot of a bird are not parallel, but 
diverge from the hub, after the manner in which the spokes 
of a mechanical wheel diverge from the hub. A horse has 
only one spoke in each of its four wheels, since each foot 
has only one toe, the hoof being a modified middle nail. Cows 
have two spokes in each wheel; for their hooves are cloven 
and form two spokes, each part of the hoof being a modified 
toe. A camel or a rhinoceros has three spokes in each wheel, 
a hippopotamus four spokes: and an elephant five spokes; 
and so on. Toes which are not directly used for locomotion 
can be seen on many creatures. The spur on the leg of a 
bird, for example, is a toe which is not used for locomotion. 

When a man stands, the metatarsal bones and phalanges 
of his foot are horizontal and on the ground; but when a 
horse stands, its metatarsal bones and phalanges are vertical. 
The metatai'sal bones and phalanges are greatly elongated in 
the horse, and the horse stands on the point of its greatly 
thickened middle toe which is encased in the hoof which 
corresponds with the human nail, and its toe is the only part 
of the foot that rests on the ground. Compared with man’s 
bones, the metatarsal bones and phalanges of a horse are 
turned through a right angle (Rule 10); and the horse has 
a vertical spoke. The wheel of the horse is thus not laid flat 
on the ground, but runs in a vertical plane. 

The spokes of the hand cannot revolve through more than 
about two right angles round the axle of the wrist in a direc- 
tion at right angles to the plane of the palm of the hand. The 
spokes of the foot can revolve through only a small angle 
round the axle of the ankle; but when a person runs they 
can revolve through about two right angles round the thigh 
bone joint, this larger movement of rotation being allowed 
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by the bending of the ankle and knee and thigli joints. The 
locomotive spokes of a mechanical wheel similarly do not 
revolve through more than two right angles. Indeed they 
usually move as locomotive spokes only through a small angle 
before becoming struts or stays. The spokes of gear wheels 
probably do not revolve through more than one right angle 
at most; and the spokes or teeth or cogs of a watch or dock 
wheel probably never revolve through more than a very small 
ang.e, as will now be shown. 

Much can be learnt about the principles of wheels from a 
study of the train of wheels in a clock or watch. There are 
many toothed wheels in a clock or watch. Each toothed 
wheel has many teeth or cogs; but only a few of them at any 
moment are actively engaged with the teeth or cogs of an- 
other wheel. Most of the cogs are for much of the time 
simply passengers, doing nothmg at all, except perhaps by 
their weights helping to preserve the balance of the wheel. 
Each wheel therefore consists essentially and for all practical 
purposes of a hub and axle and a very few teeth or spokes 
radiating from the hub or axle of the wheel towards the 
wheel with which it is engaged. The other teeth or spokes 
need not be considered, for they do not do anytliing, and cam 
not bo regarded as essential parts of the wheel. Teeth, of 
course, must be provided all round the circumference, but 
only so that at intervals they can become active and become 
engaged with other teeth. They act as teeth or fingers only 
during the revolution of the wheel through a very small angle, 
while in mesh with the fingers or teeth of another wheel, and 
then go out of use and cease to be active parts of the mech- 
anism of the clock or watch until they again come into con- 
tact with the teeth or cogs of the other wheel. 

A study of clocks and watches will not be made in this 
work; but, in passing, a few things can be noticed about 
their mechanisms. 

On spindles with toothed wheels, there are usually two 
toothed wheels; a large one with many teeth, and a small 
one with few teeth. If only active parts of the wheels are 
considered, it can be seen that each spindle with two toothed 
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wheels really consists of a large hand and a small hand, each 
having say two fingers formed by the cogs or teeth in mesh 
with tho cogs or teeth of another wheel. (The hand is formed 
by the part of the wheel which joins the hub or axle to the 
two fingers or teeth. The hand as a rule is not distinguish- 
able as a separate device; and if the wheel is solid, it is formed 
merely by the part of the metal which joins the hub or axle 
to the active teeth.) Each spindle therefore has a large hand 
and a small hand, and on the last spindle a large hand and 
a small hand appear on the face of the clock as the minute 
and hour hand, and show the time. 

The movements of the minute and hour hands of a watch 
originate from actions of the fingers as they wind the watch. 
The winding device is formed by the thumb and forefinger, 
acting on the cogged head of a spindle. As the thumb and 
forefinger wind the watch, a device formed by the forefinger 
moves to and fro round an axle formed at the main knuckle 
of the forefinger; and this device is somewhat similar in 
appearance and actions to the hair-spring wheel of a watch, 
the human prototype of the hair-spring wheel being this 
curved device, which is formed by the three joints of the 
forefinger as they oscillate round the axis where the fore- 
finger and hand join. The other three fingers usually move 
with the forefinger; but it seems the human hair-spring wheel 
is formed mainly by the forefinger. 

The main knuckle of the forefinger, or knuckle nearest the 
hand, is kept stationary when winding a watch, but when 
winding a clock oscillates in an arc of a circle round the axis 
of the winding key, and has a type of pendulum movement 
in the plane of its motion, roxmd the axis of the key. Pos- 
sibly the human prototype of the pendulum is the contriv- 
ance formed by the knuckle of the forefinger, or by the hand 
itself, the knuckle or hand corresponding to the bob of the 
pendulum. But the author is not sure of this, and cannot 
state it cesrtainly. In some clocks instead of a hair-spring or 
pendulum, there is a heavy weight suspended by a fine wire. 
This weight and wire are almost certainly copies of the con- 
trivance formed by the hand and forearm when winding a 
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dock, the weight corresponding to the hand and the torsion 
wire to the forearm; and the human contrivance of the fore- 
arm. is, it can be noticed, at right angles to the face of the 
dock and therefore at right angles to the wire. 

AH toothed wheels, such as those in gear boxes and in 
docks and watches, it seems, are mechanical copies or ex- 
tensions of the wheels of the hands or feet, the cogs or teeth 
corresponding to the cogs or teeth formed by the fingers, the 
hub corresponding to the palm or to the wrist bones. The 
tooth does not form a spoke, but forms merely the end of a 
spoke, the spoke extending from the axle to the end of the 
tooth. Spokes are seldom separate contrivances in gear 
wheels, and are usually united by the metal of the wheel. 

A gear wheel seldom has more than three or four active 
teeth, for aU those not in mesh wiUi the teeth of other wheels 
are inactive. Further, the spokes or teeth seldom move 
through more than a small arc, and never make a complete 
revolution while in mesh with other spokes or teeth. When 
not in mesh with other wheels they do not of course form 
spokes or teeth. 

Having seen that there arc few real or active spokes or 
teeth in a gear wheel, and that they do not move round the 
axle through more than a small angle, it can now be seen 
that only a few of the spokes of a vehicle’s wheel are loco- 
motive spokes at any moment; and that therefore a wheel 
has only a few active spokes, the rest forming merely struts 
or stays to help to keep the shape of the wheel. 

Consider for example a modern bicycle wheel. This is a 
suspension wheel, and the weight of the rider and machine 
does not rest on the lower spokes but is suspended trom 
some of the upper spokes. The lower ones do not lorm 
locomotive spokes, and act mainly as stays to keep the shape 
of the wheel. At most, therefore, only half the spokes at 
any time are actively locomotive spokes, and none make a 
complete revolution, and can be locomotive spokes for no 
more than a revolution through two right angles, after which 
they become stays. 

Further, a bicyde wheel has two distinct and separate sets 
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of spokes. One set joins the rim to the right hand side of 
the hub, the other joins the rim to the left hand side of the 
hub. Possibly the right hand ones arc mechanical extensions 
of the spokes of the rider’s right hand, and the left hand ones 
mechanical extensions of his left hand. If this is so, then 
the locomotive spokes of each of the rider’s hands are repre- 
sented at any moment at most by no more than a quarter of 
the number of the spokes of the mechanical wheel. 

The number of locomotive spokes, however, is perhaps 
decided by the number of spokes from the hub to the por- 
tion of the tyre which is in contact with the ground. As the 
tyre is deflated, the number of locomotive spokes increases; 
but when the tyre is properly inflated, the number of loco- 
motive spokes, or spokes actively engaged in locomotive 
movements, may not exceed the number of spokes of the 
hands or feet. Since, in a suspension wheel the locomotive 
spokes become reversed, in the bicycle wheel the spokes 
opposite to those connected to the portion of the tyre in con- 
tact with the ground become the locomotive spokes. 

Since the bicycle nowadays is suspended from the upper- 
most spokes, the spokes of the mechanical hand point 
upwards. In a motor car with wheels with wire spokes, simi- 
larly, since the weight of the motor car is suspended from 
the uppermost spokes, the mechanical hand points upwards. 
The mechanical hand points downwards when the spokes are 
solid and the weight of the vehicle rests on them: and the 
direction of the hand is then reversed (Rule 11). 

The mechanical hand of a vehicle wheel thus points up- 
wards or downwards, the direction of the hand depending 
on the type of wheel. The mechanical hand formed by a 
gear wheel or toothed wheel always points in one direction, 
and does not revolve through more than a small angle round 
the axle. This is much the same as when a creature walks, 
for the fool always points forwards, but is moved dightly 
to the left or right, as direction is changed. The principles 
of the mechanical wheel are therefore similar to those of the 
human wheel formed by the foot. 

The human fingers are webbed for a small distance, the 
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webbing being where the skin joins two fingers together near 
the palm, When the hub is formed at the wrist, the human 
spokes are webbed by the skin, muscles, and other parts of 
the main part of the hand. The .spokes of the wheels of some 
creatures are fully webbtd. Those of a duck, for example, 
are webbed as far as the points. Webbed mechanical wheels 
are used on many vehicles, the webbing being formed some- 
times by a disk covering the spokes. If the theory that the 
mechanical wheel was at first a solid wheel is correct, then 
the webbed wheel preceded the spoked wheel. 

A walking stick, besides being a mechanical extension for 
an arm or leg is also a type of spoke, and forms an extension 
for the spokes of the hand. If the head is in the form of a 
knob it is held in the hand against the palm; and the hub 
is formed by the palm; but the axle is formed by the wrist 
joint if the stick is held firmly, since the walking stick is 
moved round the wrist joint But if it is loosely held, the 
axle is partly formed at the palm, the knob fitting into a 
kind of ban joint formed by the palm and fingers surround- 
ing the knob. 

When a walking stick with a knobbed head is held firmly 
in the hand, the axle is not at the centre of the palm; and the 
hand then forms a type of cam. and the knob of the slick 
moves eccentrically round the axis of the wrist. 

The rim of the hand or foot is not mcchanizad in the walk- 
ing stick machine; for the walking stick has no curved tyre 
or rim at its end; and is a rimless spoke. The stilt also has 
no rim, and the user walks as if on the stumps of his feel, 
and not with the easier and more flexible movements allowed 
by the use of a mechanical extension of the rim or tyre of 
the foot. 
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THE BICYCLE FRAME 

AS the rider sits on the bicycle, his head and arms are 
JOL nearly over the handle bars, steering head, front forks, 

*and front wheel. The human parts are given mech- 
anical extensions by means of these mechanical parts. 

The handle bars copy the human handle bars formed by 
the rider’s arms; but the human contrivance is concave to 
the front and the mechanical contrivance is concave to the 
rear; and one contrivance compared with the other is 
leversed (Rule 1 1). The grips of the handle bars are formed 
by the handle bar ends which are usually covered with rub- 
ber. They form mechanical extensions for the barrels of the 
hands, and since the tubes are hollow, the hollows of the 
hands are reproduced. The rubber forms a type of artificial 
skin for the interior surfaces of the hands and for the exterior 
surfaces of the ends of the handle bars. The pressure of the 
hands causes the mechanical barrels and human barrels to 
fit well and correspond closely in shapes. The chequerings 
of the palms and insides of the fingers are reproduced very 
crudely and imperfectly by the treads or markings on the 
surfaces of the rubber grips, but the riflings are not repro- 
duced mechanically and are formed only by the fingers. 

The rider’s head is reproduced, very crudely and indis- 
tinctly, by the steering head. This sometimes projects 
slightiy above the middle of the handle bars. Various types 
of mechanical heads are found on bicycles. The original 
head of the velocipede, for example, was known as the socket- 
head. ^ 

The steering column and tube reproduce the upper arm, or 
humerus; the front forks the two bones of the lower arm. the 
radius and ulna. As was explained in the last chapter, the 

^The Badminton Library, Cycling. 
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hub, or nave, of the wheel corresponds to the wrist bones, oi 
solid contiivancc formed by the bones of the carpus; tl\c 
spokes correspond to the spokes formed by the inctacarpaK 
and phalanges radiating from the axle of the wrist; and the 
axle corresponds to the wrist joint. 

The human wheel does not lie between the two bones of 
the lower arm; but the mechanical wheel lies between the 
radius and ulna of the bicycle, because, as has been explained, 
the mechanical wheel compared with the human wheel is 
turned through a right angle. 

The steering column and forks and wheel are not alongside 
their human counterparts, but proceed from them, much as 
a club proceeds from its human counterparts, which are the 
fist and arm. The mechanical parts are therefore in trans- 
ferred positions, and it is not difficult to see how they arc 
placed with respect to their human counterparts. The rider’s 
hands are on the handle bars. The grips of the handle bars 
are within the hands, and have not been transferred away 
from the hands; but the mechanical counterparts of the 
spokes of the hands have been transferred along the handle 
bars to the top of the steering column, then to the lower end 
of the steering column, then down the forks to the axles. The 
reader will no doubt be able to see for himself that the 
mechanical extensions of the rider’s upper and lower arms 
have been somewhat similarly transferred. The ball joints 
of the shoulders and hinge joints of the elbows apjwar in 
mechanical forms as the joints and bearings of the .steering 
column and axle of the front wheel. 

The two bones of the human lower arm are connected at 
the elbow and wrist; the two front tubes of the bicycle, which 
are crude mechanical copies of these human parts, are some- 
what similarly connected at their ends. At their upper ends 
the front forks are rigidly joined. At their lower ends, the 
front forks are csonnected by the spindle of the axle; and the 
mechanical spokes can have certain limited movements of 
revolution relatively to the radius and ulna, or forks, but 
cannot make complete revolutions except as struts or stays. 

K a line is drawn round the points of the spokes of the 
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fully opened fingers, it will form an arc of a circle approxi- 
mately, and represent the circumference or rim of a wheel. 
A person when he walks on his hands and knees places the 
palms and insides of his fingers on the ground; when he walks 
upright he places the soles of his feet and insides of his toes 
on the ground. He does not walk or run on the points of his 
toes, that is on the points of bis spokes; and it is the fiat of 
his hand or foot that forms the tyre of his wheel. 

The frame of the bicycle was formerly made of solid rods, 
but is now made from hollow tubes. A hollow tube can 
represent a bone of the human frame better than a solid rod 
can represent it, because it is hollow like the human bone. 
Correspondence of materials of the mechanical frame to the 
materials of the human frame is poor when the tubes are of 
steel; but the property of rigidity of the human bone is pos- 
sessed by a steel tube. Features of a human bone are 
probably rei^oduced better by tubes made of wood or 
bamboo. The various joints of the bicycle are separated by 
a film of oil, in much die same way as the human joints are 
separated by the synovial fluid which lubricates them. 

Both arms of the rider are mechanized by means of the 
steering column and front forks. The steering column there- 
fore represents the humerus of the right arm and the humerus 
of the left arm: and the mechanical counterparts of both 
upper arms can be regarded as fused into a single contriv- 
ance. One fork similarly represents the radius of the right 
arm and the radius of the Irft ann, and the other the ulna 
of the right arm and the ulna of the left aim. The front 
forks are nearly similar, and the author does not know which 
is the radius and which the xflna of the bicyde. 

The human counterparts of the back parts of the frame 
can now easily be known. The spokes of the back wheel 
are mechanical counterparts of the spokes of the feet of the 
rider, formed by the bones of his feet. The counterpart of 
the upper bone of the leg, or femur, is formed by the saddle 
pin and part of the back stays between the saddle pin and 
back forks. The two prongs of the back forks reproduce the 
two bones of the leg. the tibia and fibula, or more eonectly. 
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the two tibias and the two fibulas o£ the legs, the forks being 
fused contrivances. 

Until recently a step was usually fitted to the back axle. 
This was a projecting bolt screwed on to the back axle, 
usually on the left side; and was used when mounting the 
bicycle. The rider stood with the back wheel between his 
legs and his hands on the handle bars. He placed his left 
foot on the step and pushed off with the right foot and then 
lowered himself on to the saddle. A boy cyclist often gave 
another boy a ride on the step; and the passenger rode with 
his left foot on the step and his hands on the rider’s shoul- 
ders. Sometimes two steps were fitted, one on each side of 
the axle, and the passenger then stood more comfortably 
with a foot on each step. 

As a rider stands with his foot on the step after pushing 
off and is about to place himself on the saddle, the various 
mechanical counterparts of his frame, or skeleton, are 
revealed by the proximity of mechanical and human parts, 
for the mechanical parts of any machine are always next to 
or as near as possible to their human counterparts, or extend 
outwardly from them, unless they are in transferred posi- 
tions. This rule holds good for all machines or mechanical 
contrivances, whether it is a bicycle, a pair of spectacles, an 
internal combustion engine, a weapon, an aeroplane, a sub- 
marine, a wireless set, a pen, a typewriter, a pin, a stilt, or 
any other mechanical machine or contrivance. If the mech- 
anical parts are in transferred positions, their human counter- 
parts can be discovered by application of the transferring 
Rules (Rules 7 — 11). The frame of the bicycle is almost 
entirely formed of mechanical coimterparts of the bones of 
the rider, as the word “frame” shows. When therefore the 
rider is on the step, the mechanical counterparts of his frame 
are revealed by the proximity of his legs and feet to various 
parts of the frame of the bicycle. When his legs and feet 
have been transferred from the step to the pedals, they are 
then placed alongside different tubes, whose human counter- 
parts then become revealed. Further, as the feet ate trans- 
ferred to the pedals they are moved along the sides of the two 
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tubes which connect the rear hub and pedal bracket, showing 
that these tubes arc also extensions ol the feet or legs. Thus, 
wlien the rider is on the step, the upper parts of his legs, the 
feinuis, are approximately alongside the saddle pin and parts 
of the forks above the mudguards, revealing that these 
mechanical parts arc derived from and copies of the femurs. 
The lower parts of his legs are alongside the two forks of 
the back wheel revealing that these forks are mechanical 
counterparts of the tibias and fibulas. His foot is on the 
step and next to the hub and axle, and the bones of his foot 
are alongside some of the spokes, revealing that the hub and 
axle are derived from the tarsus, and the spokes from the 
fnetatarsals and phalanges of the toes. The rider remains 
for only a few moments in this position, and then places his 
legs and feet in transferred positions. His legs are then 
placed alongside the tube from the saddle to the pedal 
bracket, revealing that this tube corresponds to the contriv- 
ance formed by his legs. He transfers bis feet from the hub 
to the sides of the pedal bracket. The soles of his feet are 
placed on the pedals, revealing that the flat parts of the pedals 
are extensions of the soles of his shoes (Rules 1, 2, 3, 4, and 
1 ). The saddle, or seat, is evidently an extension of the seat of 
the rider, as correspondences of names and positions show. 

The ways human parts can be transferred can be seen as 
the rider moves from the step at the rear axle to the pedals. 
He transfers his legs from positions in which they are along- 
side the back stays, or tubes between the saddle and back 
wheel, to positions in which they are alongside the seat tube, 
which is the tube between the seat and pedal bracket. He 
transfers his feet from the rear hub to the pedal bracket, 
moving them from one end to the other of the horizontal 
chain stay tubes, or tubes between tbe rear hub and the pedal 
bracket (Rule 8). 

The chain stays and the taut or upper part of the chain 
allow the actions of the legs when pedalling to be transferred 
from the pedal bracket to the rear axle; and the chain stays 
and taut part of the chain therefore probably form extensions 
of his legs. 
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Tho chaia wheel and reai' wheel sprocket arc essentially 
contrivances to transfer the actions of the feet to the hub of 
the back wheel. Each toothed wheel, as has been explained, 
is a mechanical extension of the wheel of the foot. If Uic 
' pitches of the teeth of the sprocket and of the chain wore the 
same, all the teeth of the sprocket would be active teeth; but 
because of the stretching of the chain, in practice the pitches 
are never exactly the same, and, therefore, as is explained in 
books on the theory of the bicycle, only one tooth works, or 
at most two teeth work, in engagement with the chain links, 
that is the chain sprocket has only one active tooth or at 
most two active teeth. 

The backbone of the bicycle is formed partly by the hori- 
zontal top tube. This tube is indeed a modified form of the 
long pole or rod or perch of the hobby horse which is called 
by writers on the bicycle the backbone of the hobby horse. 

The front portion of the frame, it will now be shown, 
besides reproducing features of the arms and hands of the 
rider and forming mechanical extensions for them, at the 
same time reproduces features of his legs and feet 

To straighten the handle bars, a person sometimes stands 
astride the front wheel with his hands on the handle bars. In 
this position, mechanical counterparts of the legs and feut 
are approximately alongside and opposite their human 
counterparts. The human handle bars, formed by the rider’s 
arms, are now concave to the rear of the bicyde and lie over 
and somewhat alongside the mechanical handle bars, the 
human contrivance being reversed compared with its position 
when the person is on the saddle. The human contrivance is 
connected to the person’s legs by his backbone. The back- 
bone of the person is representcjd in the bicyde by the steer- 
ing column and tube. The upper parts of his legs, the 
femurs, are reproduced by the two front forks, each fork 
reprodudng a femur. The lower parts of his legs are repro- 
duced by the spokes of the wheel which happen to be nearest 
the ground. The soles of his feet or shoes are reproduced 
by the part of the tyre near the ground. 

There is therefore a double representation of human parts; 
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for tlio front of Uic frame reproduces Icatures of the ridei' s 
arms, and reproduces also sunullancously features of his 
backbone and legs. The steering column, it has been shown, 
forms an extension for the rider s upper arms. It can now be 
seen it also forms an extension of his backbone. Somewhat 
similaily, the front forks reproduce not only the rider s arms, 
'they also reproduce his femurs. Tne spokes reproduce not 
only the spoxes of the hand; they also simultaneously act as 
extensions of his lower legs. Mechanical contrivances very 
often correspond simultaneously to more than one human 
,contrivaace, as has often been noticed. It was shown, for 
example, that the knob of a club corresponds simultaneously 
to the list and to the head of the wielder; and in general a 
part of a weapon reproduces simultaneously an ohensive and 
a reproduedve device. Human contrivances usually similarly 
form several contrivances at once. Thus, for example, the 
canal of the mouth is an induction pipe, through wnich air 
can be drawn mlo the body. It is ^so an exhaust pipe, 
through which heated exhaust fumes can be discharged rrom 
the body. It is also part of the alimentary or food canal. It is 
also a vocal aperture, and serves much the same purpose as 
the mouth of a musical instrument, say of a trumpet. Or 
again, as has been shown, the hand forms a wheel. It can 
also form a barrel, rilling devices, and a host of other 
devices. 

It can now be understood how the spokes of a wheel 
reproduce locomotive actions of the leg, and at the same time 
arc mechanical reproductions of the spokes of the foot. By 
means of the mechanical wheel of a vehicle, the lower leg and 
the hub and axle and spokes and tyre of the foot are com- 
bined. 

The dimensions of some parts of the bicycle correspond 
fairly closely to the dimensions of their human counterparts : 
but some do not correspond very closely. The top tube 
corresponds fairly closely in length and diameter to the 
length and diameter of the human backbone. But the steer- 
ing column which also corresponds to the backbone is much 
shorter than tlie human backbone. It is however about the 
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samcs length, sometimes, as the humerus, to which it also 
corresponds. The front forks arc about the same lengths as 
the femurs; but longer than the radius and the ulna. The 
spokes are about the same lengths as the lower logs. The 
width of the tyre is matched by the width of the foot, if this 
is measured from the ground to the skin on the top of the 
foot. The bicycle however is an extremely crude and unde- 
veloped contrivance, as is evident say from the fact that 
although the rider’s legs move with almost full running 
actions, his hands are forced to remain nearly stationary, but 
they do perform some rudimentary piston actions as the 
wheel is steered alternately to one side and then the other. 

The wheds of the bicycle unlike the legs ai-e not side by 
side. When a person wiks slowly his feet, or wheels, move 
in two separate tracks; but as speed is increased, the tracks 
tend to become one track; and when a person runs at full 
speed, he runs almost in a single track. As the bicycle is a 
machine to help in fast running, providing mechanical exten- 
sions for certain of the rider’s locomotive contrivances, this 
may be one reason why the wheels arc placed in line instead 
of being placed side by side. 

The backbone of a person is not of constant length; for it 
has shock absorbers between each two vertebrae; and as a 
person walks or runs, tho backbone increases or decreases 
slightly in length as its shock absorbers work. The steering 
column of an ordinary bicycle does not vary in length as the 
rider progresses; but tho steering column of a motor bicycle 
may vary in length, because of shortening or lengthening 
actions as the shock absorbers work. 

The various tubes of the frrnne of the bicycle are not all 
parallel or at right angles to each other. It may seem, at 
first, therefore, that parts of machines can be turned through 
an^es other than right angles. But most and perhaps all of 
the tubes are combined contrivances; and it is therefore diffi- 
cult to determine the position of any one contrivance with 
respect to another; and so the Rules which allow for the 
turning of parts or actions only through right an^es may not 
be violated. Rules often appear to be violated when in fact 
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Uicy arc not violated. Thus, for example, it is believed that 
all bodies arc drawn or attracted to the earth. But a balloon 
docs not fall to the earth, and it seems at first that the belief 
is incorrect that all bodies are drawn to the earth. But when 
all the forces acting on the balloon are distinguished it can 
be seen that the belief is correct. Rather than introduce the 
difiicult idea, which would lead to endless complications, 
that a part or an action can bo turned through an angle other 
than a right angle, it will be better to keep the Rules as they 
are, until it can be proved an action or a part can be turned 
through an angle other than a right angle. It would be diffi- 
cult to show that an action of a part of a bicycle can be 
turned through an angle other than a right angle, because all 
joints and bearings are oiled; and when a film of oil separates 
two parts, one part can act on the other only at right angles 
to it. Indeed a bicycle is oiled to ensure that actions shall 
not be turned through any angles except right angles. Simi- 
larly other machines, like the steam engine and internal 
combustion engine are oiled to ensure that actions shall be 
turned only through right angles. 

It is well known that the division and subdivision of the 
riglit angle into degrees, minutes, and seconds, is arbitary. 
It is not a satisfactory method of division, as is evident from 
the fact that a different method is often used, the centesimal 
or French method, in which the right angle is divided into 
100 equal parts called grades, and each grade is divided into 
100 minutes, and each minute into 100 seconds. Neither of 
these methods finds any correspondence in or authority from 
nature; and tlie use of cither method leads to endless compli- 
cations. Attempts have been made to find so-called natural 
divisions of the right angle, one method being to use the 
radian, which immediately results in the mathematician hav- 
ing to use incoramensuiablo numbers, like w , which cannot 
be expressed as whole numbers. If it cannot be proved nature 
divides the right angle, it will be necessary to examine the 
fundamental assumptions on which geometry, trigonometry, 
mechanics, astronomy, and other sciences in which measure- 
ments are used, have been built; and it will perhaps be seen 
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that a very simple geometry based merely on the use o£ right 
angles can be used. In this work, us a result of using this 
simple geometry and refusing to divide the right angle until 
some authority for so doing can be obtained from nature, it 
has been found possible to discover bow many parts oi 
machines and some parts of the body arc situated with refer- 
ence to other parts. If degrees, minutes, and seconds, arc 
used, the human body at once presents angles and curves 
which cannot be expressed ui any geometrical or trigonometri- 
cal system hitherto used, and the geometry of the body 
becomes mcomprehensible. 

The Rules as given m this work have not been satisfactor- 
ily formulated. Some of them indeed are contained or 
included in others. For example. Rule 11 is contained in 
Rule 10, because if a part or an. action is twice turned through 
a right angle it becomes reversed. The Rules therefore have 
not been dignified with the title of laws. No doubt some 
reader will see how to formulate them better; and perhaps 
when other Rules have been discovered, a few simple laws 
will be formulated, and allow the study of mechanical con- 
trivances of the body to be placed on a satisfactory basis. 
The Rules should therefore be regarded merely as rough and 
ready guides to hdp to show how mechanical contrivances 
originate and develop. 
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THE INTERNAL COMBUSTION ENGINE 

M any of the human counterparts of the mechanisms 
of the internal combustion engine can be discovered 
without difficulty. 

The engine has nostrils formed by the apertures of the 
carburettor through which air is drawn in. This is evident 
because air is breathed in through the carburettor in much 
the same way as it is breathed m through the nostrils of a 
creature; and if a cloth is placed over the carburettor’s mouth 
or nostrils, the engine begins to splutter and cough, and will 
be choked if the cloth is not soon removed, in much the same 
way as when a hand or cloth is placed over a creature’s nose 
it begins to splutter and cough, and will be choked if the 
hand or cloth is not soon removed. 

The air breathed in by the engine is warmed as it passes 
through the carburettor and intake pipe, as it is warmed by 
the nostrils and wind-jupe of a creature. If a dust filtering 
or an air purifying device is fitted to the carburettor, the air 
is purified as it is drawn in, in much the same way as it is 
purified when it is drawn in through a creature’s nostrils. 

The throat of the carburettor is formed where the throttle 
works. This must be so, because the word throttle means 
throat; and when the throttle is fully open the throat is fully 
open, and the engine then breathes or takes in air to the 
greatest extent. The choke, as the name shows, is a device 
for constricting the throat and causing less air to be inhaled, 
the engine being partly choked when the choke wire or rod 
is operated. 

The wind-pipe, or trachea, of the engine is formed by the 
intake pipe or inlet manifold, which is the tube or pipe lead- 
ing from the carburettor’s nostrils and mouth to the interior 
organs of the engine. (It was shown earlier that the throat 
and wind-pipe are reproduced by the lawn tenms racket 
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where the frame joins the handle. Different features of the 
throat and wind-pipe, however, arc reproduced by the inter- 
nal combustion engine and by the lawn tennis racket.) 

The lungs are reproduced by all types of the engine; but 
reproduced differently by different type.s of the engine. Part 
of the work of the human lungs is to mix the air, or certain 
constituents of the air. with certain constituents of the food, 
the constituents of the food being brought to the lungs and 
distributed throughout their myriads of cells by the blood 
vessels and their capillaries. Since the constituents of the 
air and food mix in countless parts of the lungs, a kind of 
mist of the combined constituents is formed. That this is so 
is shown by a study of the actions of the air and petrol in the 
lungs of the engine, for the lungs of the engine reproduce 
features and actions of the human lungs; and we can there- 
fore understand some of the actions of the human lungs from 
a study of the mechanical lungs of the engine. From the 
human lungs some of the mixed constituents of air and food 
are carried by the pulmonary veins to the heart. They are 
carried in the form of a fine mist, the mist being formed in 
the blood in which there are many oilier materials and sub- 
stances, water being one material or substance. If the other 
constituents could be removed from the blood, no doubt a 
fine mist of the constituents used for the working of the 
human engine would be seen moving through the pulmonary 
veins, not evenly but in bursts, as the fine mist of mixed air 
and petrol moves along the pulmonary veins of the engine, 
represented by the induction pipe. 

The lungs of the engine are formed by the mechanisms 
which mix the air and petrol and turn them into a fine mist 
or vapour. In early days the air was drawn over the surface 
of petrol or over plates or a wick soaked with petrol; but 
nowadays is usually drawn over a jet or several jets. The 
parts which form the lungs of a four-stroke engine are not 
easy to determine exactly; but the lungs are evidently formed 
between the jets and the cavity of the cylinder head, the inlet 
manifold pipe forming a main part of the lungs. 

The lungs of a two-stroke engine are partly formed by the 
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cavity of the crank-case, because the petrol and oil arc turned 
into a fine mist in the crank-case. The lungs of a two-stroke 
engine, therefore, since they include the crank-case cavity, are 
larger and more extensive than those of a four-stroke engine. 

The air and petrol, after being changed chemically, are 
discharged through the outlet and exhaust pipes into the 
atmosphere. The exhaust gases are not therefore returned 
along the wind-pipe, or intake pipe, and discharged through 
the nostrils of the carburettor as they arc discharged through 
the wind-pipe and nostrils of the human body; and the dis- 
charging tube is separately mechanized in the engine, and is 
not combined with the intake tube as in the human body. In 
the human body there is an economy of apparatus, and the 
wind-pipe of the human body is both an intake tube and an 
exhaust tube. The engine’s exhaust tube evidently corre- 
sponds to and is an extension of the human exhaust pipe 
formed by the wind-pipe for the discharge of the spent gases 
into the atmosphere. The structure and materials of the in- 
take pipe of the engine and those of its exhaust pipe arc 
different. The exhaust pipe, for example, is made to with- 
stand the heat and corroding effects of the exhaust fumes. 
The human wind-pipe has features both of an intake and of 
an exhaust pipe; and is also made to withstand the corroding 
effects of the heated exhaust fumes discharged from the 
body. It would not need to be made capable of withstand- 
ing the corroding effects of heated carbon dioxide gas 
fumes if it were merely an intake pipe. 

The air is not drawn in ev©ily into the engine, but with a 
rhythmical motion, as in the human body, air being breathed 
in during each up-stroke of the piston of a two-stroke engine, 
and during every alternate down-stroke of a four-stroke 
engine. It is similarly discharged at intervals, the intervals 
of taking in and discharging of air occurring alternately as in 
the human body. In the human body inspiration and ex- 
piration of air are caused mainly by expansion and contrac- 
tion of the diaphragm and ribs, the chest being alternately 
expanded and contracted and the diaphragm also at the same 
time being contracted and expanded, so that the chest cavity 
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acti as a kind of bellows in drawing in and dtschaigmg the 
air. In the engine, inspiration and expiration arc cficcted 
somewhat similaily. Air is drawn in through the carburettor 
as a result of the expansion of the cylinder head caAilty and 
expelled through the exhaust pipe as a result of the contrac- 
tion of the cavity. The cylinder head cavity of a four-stroke 
engine thus acts somewhat as a bellows in drawing in and 
expelling air. Some types of carburettors have a contriv- 
ance, consisting of a plate which rises and falls with the 
pulsations of the engine. This contrivance is called the 
diaphragm; and the name shows it is a mechanical copy of 
the diaphragm of the body of a creature. The springs and 
other devices which control the actions of the mechanical 
diaphragm correspond to the springs and other devices 
formed by the muscles which control the actions of the 
diaphragm of a creature. 

The alimentary canal, or food canal, of the human body 
is fairly wdl reproduced by parts of the engine. Many of 
the parts of the canal are co-^minous with many of the 
parts of the respiratory canal, as in the human body. 

The intake pipe or inlet manifold reproduces features of 
the gullet, or oesophagus, for it allows the passage of the 
food which is consumed or burnt in the engme: and forms 
part of the alimentary canal of the engine. The stomach is 
formed partly by the petrol tank, partly by the oil tank if a 
separate oil tank is provided, and partly by the sump. The 
positions of the various parts of the alimentary canal, or in- 
testines, vary in different typos of the engine. 

The alimentary canal begins where the petrol and oil are 
put in; and the engine usually has two or three mouths, or 
extensions of the mouth of alimentary canal. Tracing 
the path taken by the petrol, we can see that a month of the 
canal is formed by the mouth or opening of the petrol tank. * 
From the petrol tank a tube leads into the float chamber of 

* ** The fuel is poured through a mouth or opeuing into a stomach 
or tank; from the tank the petrol is carried by means of a feed- 
pipe — the alimentary canal — ^to an apparatus — the carburettor 
which absorbs the petrol and transforms it into a combustion mix- 
ture." Sir Arthur Keith, M.D., t.L.D., D.Sc., P.R.S., The Engines of 

the Human Body. 
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the carburettor, which is really an enlargement of the tube, i 
The tube becomes constricted where the device of the float 
chamber regulates the amount of petrol issuing from the 
stomach, or petrol tank. This device consists of a needle 
point held in a small hole by the float As the float falls, the 
needle’s point comes away ftom the hole and more petrol 
flows from the stomach to the next part of the intestine, this 
next part being the float chamber. The device which regu- 
lates the amount of petrol allowed to pass from the petrol 
tank into the float chamber corresponds to and reproduces 
actions of the pylorus of a creature which regulates the 
amount of food which is allowed to pass from the stomach 
to the duodenum, or next part of the alimentary canal. Food 
does not pass continuously from the human stomach to the 
duodenum. When a smaU quantity, say half an ounce, has 
passed, the pyloric muscle closes. After an interval, another 
small quantity is allowed to pass. The valve formed by the 
needle and hole acts very similarly to the pyloric sphincter 
or muscle, and allows only small quantities of petrol to pass 
at intervals from the stomach of the engine into the float 
chamber; and the float chamber itself therefore probably 
corresponds to the duodenum, t 

After entering the duodenum, or float chamber, of the 
engine, the petrol enters the small tube formed by the jet. 
Thereafter it changes its character, as food changes its char- 
acter as it proceeds along the intestines, and becomes mixed 
with air. From the jet the petrol now mixed with air. pro- 
ceeds along a much larger tube, the inlet manifold. The tube 
or canal enlarges again in the rgrlinder head, becomes con- 
stricted again as the gas now consisting of waste products 
enters the outlet tube and exhaust pipe. The waste products 
of combustion are discharged through the aperture of the 
exhaust pipe, which is usually at the rear end of a motor car 

t “ The carburettor , , . corresponds to an elaborate machinery 
which has been built into the containing wall of the aUtnentary 
system of the human body Ibid. 

t According to Sir Arthur Keith, " At the carburettor the aliment- 
ary canal ceases . . . *’ It seems however that it is contintied through 
the engine and ends at the extremity of the exhaust pipe. 
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when the engine is fitted to a motor car, tlic aperture forming 
an anus. 

The alimentary canal of the four-stroke engine is formed 
mainly by the lubes and cavities through which the petrol and 
air pass and the waste products of combustion are ejected. 
But that of the two-stroke engine has an extension formed by 
the crank-case cavity. The two-stroke engine consumes petrol 
and oil and air. and is sometimes called a petroil engine. The 
ait breathed in through the carburettor mixes with the oil 
and petrol spray from the jet, and the mixture in the form of 
a mist or ratified fluid after going through the intake pipe 
instead of going immediately into the cylinder head cavity is 
deflected into the crank-case and is then directed through a 
duct or pipe formed by a port in the cylinder wall into the 
cylinder head cavity. The crank-case thus forms part of the 
alimentary or food canal. 

The crank-case cavity also probably forms an extension of 
the alimentary canal of the four-stroke engine; but the petrol 
and air do not go through it, and only the oil which lubricates 
the crank-shaft and its bearings and piston rings is contained 
in it. There is almost no communication between the crank- 
case cavity and the rest of the canal; but some of the oil left 
on the sides of the cylinder as the piston descends mixes with 
the petrol and air and is consumed in the cylinder head 
cavity. That some of the oil is consumed becomes evident 
if the piston rings do not fit well. The rate of oil consump- 
tion then rises rapidly and reveals that oil is passing past the 
piston rings, and that there is a communication between the 
two parts of the alimentary canal. 

The part of the alimentary canal formed by the crank-case 
is however usually almost separate from the part formed by 
the tubes through which petrol, air, and waste products pass; 
and is provided with a separate mouth, this mouth being an 
extension of the month formed by the petrol tank or open- 
ing, and being formed by the opening through which oil is 
ponred into the crank-case. 

The rectum of the engine is formed by the sump. This 
requires to be emptied periodically; and waste oil. grit, dirt,' 



THE INTERNAL COMBUSTION ENGINE 005 

and bits of carbon, arc emptied through the hole in the 
bottom, the hole corresponding to the anus of a creature. A 
bolt is screwed m to close the anus. A creature’s anus is 
closed by the strong sphincter muscles which surround the 
aperture. The internal combustion engine therefore has two 
anuses, one at the end of the exhaust pipe and the other at 
the bottom of the sump; and certain waste products are dis- 
charged through one anus and certain others through the 
other anus. 

The food of the engine is petrol and ak. or petrol and oil 
and air, or oil and air, depending on the type of engine; and 
it undergoes a process of combustion or consumption in the 
cavity of the cylinder head; and it is in this part of the 
alimentary canal that the main processes corresponding to 
those of digestion occur. According to the theory now ad- 
vanced by certain eminent authorities petrol is food which 
is already nearly fully prepared and ready for digestion. Thus 
Sir Arthur Keith, an eminent authority on the anatomy of 
the human body, writes: — “The stomach of a motor cycle 
. . . must be fed wiUi fuel already digested — already in a 
condition suitable to form the basis of a combustion mix- 
ture. Petrol, the food of engines, if modern geologists are 
rightly informed, is the fuel which was stored up in the livers 
of extinct animals ... In the livers of living sharks and cer- 
tain other fish we know that there is stored up a carbo- 
hydrate material, very similar to petrol, which is used by 
them as fuel to drive their muscular engines in swimming. 
The petrol which carries a cyclist so swiftly along we are 
justified in regarding as fuel which extinct monsters had 
stored up in their livers many millions of years ago to carry 
them through old-world seas in search of prey.”' Part of 
the food of the engine, formed by the oil in the sump, is 
consumed in the crank-case; and processes of digestion there- 
fore occur also in the crank-case. 

The alimentary canal of the engine is of considerable total 
length and perhaps is as long or even longer sometimes than 
the alimentary canal of the human body which is about 

I Sir Arthur Keith, M.D., JX.D., D.So., F.R.S., The Engines of 
the Human Body. 



i«TO MECHANICAL BIOLOGY 

twenty eight feet long. In man the canal is twisted or con- 
voluled and is not of constant diameter along its length; and 
somewhat similarly the canal of the engine is not straight but 
has many curves and is not of constant diameter along its 
length. It diSers considerably in shape and length and bore 
from the alimentary canal of a gun, which consists of a 
nearly straight and cylindrical tube. The shape and length 
and bore of the alimentary canal varies considerably in 
diiferent creatures; and the alimentary canal of a gun 
resembles that of a creature like the common earthworm, 
whose canal is nearly cylindrical and straight, more than it 
resembles the canal of the human body. 

It is now evident that the alimentary canal as well as the 
respiratory organs are reproduced by the engine. Some of 
the parts of the respiratory organs serve also as parts of the 
alimentary canal; and there is much economy of apparatus. 
But the two systems are not co-terminous. For example, 
the mouth of the respiratory organs is formed by the mouth 
of the carburettor, but the mouth of the alimentary canal by 
the openings of the petrol and oil tanks. Or again, the part 
of the alimentary canal formed by the petrol tank and tube 
leading from it to the carburettor does not form part of the 
respiratory organs. 

It will now be shown that the heart is reproduced by the 
engine. It will perhaps be easiest to begin the study of the 
engine’s heart with a study of the common pump, for the 
actions of a pump copy those of the heart of a creature. 

The piston, of the common pump divides the cylinder or 
barrel in which it works into two cavities, one above and 
one below the piston. The cavities are equal in size only 
when the piston is at the mid-point of its upward or down- 
ward stroke. As tiie piston ascends, the lower cavity 
increases and the upper one decreases in size; and, con- 
versely. as it descends, the lower cavity decreases and the 
upper one increases in size. As the handle is pressed down, 
the piston rises; and the water flows up through the pipe from 
'the well, into the cavity below the piston; and at the same 
time the water resting on the top of the piston is mcpelled 
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from the upper cavity, and out through the spout. Since the 
water is received into the lower cavity and expelled from the 




Fio. 72. 

(i) Common pump (ii) Force pump 

V, valve; E, exit pipe; B, chamber partly filled with air. 

Upper one, the lower one acts somewhat like an auricle or 
receiving cavity of the heart, and the upper one like a ven- 
tricle or expelling cavity. The passage of the water from 
the lower to the upper cavity through the flap valve in the 
piston as the piston descends corresponds to the passage of 
the blood from an auricle to the ventricle; and the entry of 
the water from the pipe into the auricle, or lower cavity, 
corresponds to the entry of blood from a vein into an auricle; 
and the expulsion of the water from the spout corresponds to 
the expulsion of blood from a ventricle through an artery. The 
chambers or cavities of a heart do not remain constant in 
size, but expand and contract rhythmically; and similarly the 
chambers or cavities of the pump do not remain constant in 
size, but expand and contract rhythmically as the handle is 
worked. 

It is evident therefore that the structure and actions of a 
heart and of the common pump are very similar in many 
respects. But the author is not the first to point out this fact; 
and indeed nearly every writer on the biology or anatomy 
of the body notes the similarities of the actions of a pump 
and of the heart. It can therefore be taken for granted that 
the lower cavity acts as an amide and the uppor one as a 
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voairicle; Uial the cavities expand and contract rhythmicaliy; 
and so on. 

The common pump has only one auricle and one ventricle. 
Many creatures have a heart consisting o£ only one auricle 
and one ventricle. Fishes and snails and slugs, lor example, 
have this type of heart. The common pump therefore has a 
type of heart which corresponds to the type of heart of a 
creature havmg one auricle and one ventricle. 

In the common forcing pump, the cylinder in which the 
piston works, acts alternately as an auricle and then as a ven- 
tricle; and an auricle and a ventricle ate not formed at the 
same time. There is no valve in the piston, which is solid; and 
as the piston rises, water is pushed up, by atmospheric pres- 
sure. from the well into the cavity created by the ascending 
piston. When the piston begins to descend a flap valve closes 
the entrance to the pipe leading from the well, and the water 
cannot return to the well but is forced up another pipe to, 
say, the top of a building. A valve in this exit pipe prevents 
the water running back as the piston draws up the next 
charge of water from the well. 

When water enters the cylinder as the piston rises, the 
cavity formed by the ascending piston becomes an auricle, or 
receiving vessel; but when the piston descends, the cavity 
below becomes a ventricle, or vessel from which fluid is ex- 
pelled. 

Water is expelled from the common forcing pump only 
while the piston is descending; and is therefore expelled with 
an intermittent and not with a continuous action. The action 
is sometimes made more continuous by providing an addi- 
tional chamber or cavity at a point on the exit pipe. The 
exit pipe is led into this cavity which is partly filled with air. 
The pipe leading to the top of the building projects down- 
wards into this air tight cavity so that its nozzle or mouth is 
bdow the level of the water in the cavity. As the piston 
descends, it forces the water into the cavity. This compresses 
the air there, and the compressed air continues to drive the 
water up the pipe to the top of the building even while the 
piston is drawing up water from the well. The additional 
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cavily corresponds to the bulbus arteriosus of a creature. 
This is a bulb-like extension of the ventricle, acting as a kind 
of additional ventride. In the fish, for example, there is a 
pronounced bulbus arteriosus; and the blood after entering 
the ventricle from the auricle is sent into the bulbus arterio- 
sus before being forced along the branchial artery to the gills. 
The bulbus arteriosus is not evident in all fishes. It is 
evident in the frog; but seems to disappear in man. 

The bulbus arteriosus can also be seen, in a mechanical 
form, in the “ manual ” fire engine pump, or hand operated 
double cylinder pump which sends a continuous stream of 
water through a hose. This type of pump has two auricles 
and two ventricles, an auricle being formed by each cylinder 
as its piston ascends and a ventricle as its piston descends. 
The bulbus arteriosus is reproduced by the air chamber into 
which water is forced by the two pistons, the water passing 
through the mechanical bulbus arteriosus before being sent 
along the branchial artery, represented by the hose pipe. 

The mechanical bulbus arteriosus, or additional chamber, 
of the pump may be regarded either as an extension of the 
piston chamber or as an expansion of the exit pipe. Simi- 
larly, it is possible to regard the bulbus arteriosus of a 
creature as an extension of the ventricle or as an expansion 
of the artery leading to the lungs or gills. The additional 
chamber of the pump helps to make the passage of water 
through the outlet pipe more continuous, and smooths the 
actions of the auricle and ventricle, acting somewhat as a 
shock absorber. By analogy, some of the purposes of the 
bulbus arteriosus of a creature are to make the passage of 
the blood through the artery more continuous, and to smooth 
the actions of the auricle and ventricle and perform the work 
of a shock absorber. The mechanical bulbus arteriosus is 
modified in some types of pumps and seems to disappear in 
others: and no doubt a study of different types of pumps 
would help to show why the bulbus arteriosus is modified in 
different creatures and seems to disappear in others. 

Four strokes of the piston are required to complete the 
power stroke of a four-stroke internal combustion engine; and 

^ 39 
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it can be seen that the cavity above the piston, or cavity of 
the cylinder head, acts successively like the left auricle, Ictl 
ventricle, right auricle, and right ventricle of a creature with 
a heart with four cavities. 

The actions of the four-stroke engine the reader will know 
arc, briefly, as follows : — The piston on the first down stroke 
sucks in gas into the cylinder head cavity, through the inlet 
valve. On the up-stroke the gas is compressed, and when 
fully compressed is burnt or consumed, and the expansion of 
the gas drives the piston down. On the next up-strokc, the 
piston drives out the spent gas from the cylinder head cavity 
along the outlet and exhaust pipes into the atmosphere. The 
gas. as has been indicated and as will be more fully explained 
later, has certain features and properties corresponding to 
those of the blood. 

Although the heart of the four-stroke engme has only one 
cavity, namely that above the piston, the cavity in turn serves 
the purpose, or some of the purposes, of the four cavities of 
the human heart. The entry of the mixture of petrol and 
air, which is a typo of ratified fluid, into the cylinder bead 
cavity corresponds to the entry of the pure blood into the 
heart from the lungs. The tube through which the gas is 
drawn, that is the induction pipe, corresponds to the pulmon- 
ary veins through which the pure blood from the lungs is 
drawn into the heart. The pure blood enters the left auricle 
of the human heart; and therefore on this occasion the cylin- 
der head cavity corresponds to the left auride of the human 
heart. As the piston rises, it ^compresses the gas; and the 
cylinder head cavity now acts as a left ventride, for it is in 
the left ventricle of the heart that the pure blood is com- 
pressed. In the body there is an artery, the aortic artery, to 
allow the pure blood to escape; but there is no corresponding 
tube or artery in the four-stroke engine, and the pure gas 
cannot escape. When the gas is fully compressed, it is con- 
sumed or burnt; and the expansion of the consumed gas 
forces down the piston. At this time, during the downstrokc 
of the piston, the cylinder head cavity corresponds to the 
light auride, the cavity then being filled not with pure but 
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with impure or burnt gas. as the right auricle is filled with 
impure or venous blood Irom the body. No separaie tubes 
are provided in the four-stroke engine to represent the venae 
cavae, or great veins which carry the blood from the body 
to the heart; and the change from pure to impure gas takes 
place in the cylinder head cavity, without any exit of the pure 
and entry of the impure gas, The piston as it rises for the 
second time pumps out the impure gas into the exhaust pipe. 
The cylinder head cavity therefore, while the piston is ascend- 
ing, corresponds to the right ventricle; and the exhaust pipe 
corresponds to the pulmonary artery through which the im- 
pure blood passes to the lungs to be regenerated by the 
atmosphere. The impure gas is sent straight out mto the 
atmosphere to be regenerated; and the regeneration cycle is 
not completed within the engine. 

Thus, although the heart of the four-stroke engine has only 
one cavity, formed by the cylinder head cavity, it can be 
regarded as a four-chambered heart; for the cavity in turn 
serves as a left auricle, left ventricle, right auricle, and right 
ventricle. It is filled with pure gas from the lungs of the 
engine, formed by mechanisms between the carburettor’s 
mouth and the inlet valve, and the pure gas enters the cylin- 
der head cavity through the pulmonary veins of the engine, 
formed by the intake or induction pipe, the veins being repre- 
sented by the sin^e intake or induction pipe. The impure 
gas is discharged through the pulmonary artery, represented 
by the exhaust pipe. The venae cavae and the aorta are not 
represented; but possibly the intake and outlet tubes besides 
representing the pulmonary tubes represent also the venae 
cavae and aortic tubes. 

The heart of the four-stroke engine can however be 
regarded as a single chambered heart, a type of heart found 
in many creatures; and the ratified fluid, or gas, as being 
drawn in through one tube and expelled through another, the 
heart being formed merely by a tube which enlarges ai the 
cylinder head. 

Or, the mechanical heart can be regarded as a double 
chambered heart, and as consisting merely of an auricle and 
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a ventticlc, the tariflcd fluid being drawn in through one tube 
into the auricle formed by the cylinder head cavity, and dis- 
charged from the ventricle formed by the same cavity. 

The Heart is modified in the two-stroke engine. Tlie rari- 
fied fluid, formed by a mixture of petrol, oil, and air, is not 
drawn from the carburettor directly into the cylinder head 
cavity, but is drawn into the crank-case cavity. The heart 
is perhaps a three chambered type, or one having two auricles 
and a single ventricle, a type of heart possessed by creatures 
like snakes, tortoises, and frogs. The ways the cavities act 
is not clear to the author, but possibly is as follows: — The 
crank-case serves as a left auricle for it receives the pure or 
unburnt gas from the pulmonary veins of the engine, in much 
the same way as the left auricle receives the pure blood from 
the pulmonary veins of the creature. The cylinder head 
cavity when ready for combustion to begin is filled with pure 
gas slightly mixed with impure or burnt gas, and perhaps 
corresponds then to the ventricle which is filled with pure 
blood mixed or slightly mixed with impure blood. The cylin- 
der head cavity after the explosion or combustion of the 
gases contains impure or burnt gases and then corresponds 
to and acts as the right auride which is the vessel or cham- 
ber that receives tho impure blood from the body of the 
creature. But the author is not sure he has correcily seen 
the actions of the heart of the two-stroke engine. Probably 
his readers will quickly see the correct solutions of its actions. 

The valves of the common pump are simple hinged valves 
or flaps without stems or springs, which allow tho water to 
flow only in one direction; and they are operated merely by 
the movement of the water, opening when the water flows 
in one direction and closing when it tries to flow in the other 
direction. They reproduce some of the features and actions 
of the binged valves of the heart, the aortic and the pulmon- 
ary valves, which allow the blood to flow only in one 
direction from the heart to the aortic artery and pulmonary 
artery. The valves of a four-stroke engine are not hinged 
valves, but are provided with stems and springs, and repro- 
duce features and actions of the mitral and tricuspid valves 
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of the human heart which allow the blood to flow from the 
aurides to the ventrides. The head ol the four-stroke 
engine’s valve corresponds to the cusp or flap of the human 
valve; and the stem reproduces features of the chordae ten- 
dinae, or cords which join the valve heads to bases formed 
by the papillary muscles. The mechanical valve springs 
reproduce actions of the papillary muscles of the cusps which 
regulate the movements of the valve cords and cusps, or 
valve stems and heads. 

The cavities or chambers of the human heart contract and 
expand with rhythmical movements. Similarly, the cavities 
of the heart of the engine contract and expand rhythmically. 
The contraction of the upper cavity, or cavity of the cylinder 
head, is greatest when the piston is at the top of its stroke, 
and the expansion greatest when it is at the bottom of its 
stroke. The crank-case cavity, conversely, is contracted 
most in area of its walls and volume when the piston is at the 
bottom and expanded most when it is at the top of its stroke. 
Hence, although the cylinder and crankcase walls are made of 
inflexible materials, contraction and expansion of the walls 
occurs regularly, much as in the heart of a creature. 

The two main compartments of the human heart, each 
consisting of an auricle and its corresponding ventricle, are 
not in direct communication with each other; and so the pure 
blood and the impure blood do not mix. In many creatures, 
reptiles for ci^mple, the pure and impure blood streams are 
not kept separate but mix. either in the heart or near it. The 
two blood circulatory systems of the four-stroke engine, 
represented by the pure gas circulatory system and the im- 
pure gas ciredatory system, are not in communication with 
each other, and the puce and impure gases ate not mixed. 
It is true, pure gas at one time and impure gas at a subse- 
quent time are found in the same cylinder head cavity; but 
the gases are not mixed, and the pure gas, as has been ex- 
plained, is found only in the left auricle and left ventride, 
and the impute gas only in the right auricle and tight 
ventride. The blood circulatory system of the four-stroke 
engine therefore resembles that in creatures in which the pure 



614 


MECHANICAL BIOLOGY 


and impuro blood streams arc not mixed. In the two-stroke 
engine the separation of the pure and impure gases i.s not 
so effective, and the pure and impure gases do mix to .some 
extent This is because of the difficulties of arranging the 
ducts or ports of the cylinder walls satisfactorQy enough to 
prevent the pure and impure gases mixing; and usually some 
of the pure gas and some of the impure gas becomes mixed 
in the cylinder head cavity, resulting in a loss of efficiency. 
Thus there is direct communication at times between the two 
gas circulatory systems of the two-stroke engine, as there is 
direct communication between the two blood circulatory 
systems of some creatures; and the pure gas and impure gas 
become mixed in the engine as the pure blood and impure 
blood become mixed in the engine of a creature like a rep- 
tile. 

Our study of the internal combustion engine has already 
revealed that the mechanical engine reproduces many feat- 
ures of the engine of a creature. It has been shown that It 
reproduces features of the nostrils, mouth, throat, and wind- 
pipe, that it has lungs, that it has an alimentary canal with 
features of a stomach and intestines, that it has a heart, and 
that it has two blood circulatory systems. Besides possessing 
these organs, it will presently shown the engine has other 
organs corresponding to organs of living creatures; and it will 
also be seen that it has no mechanisms or organs which do 
not correspond to organs of creatures. Sinc% the internal 
combusition engine has several organs corresponding to those 
of creatures, it must therefore be studied as a creature is 
studied, and must be regarded as a type of creature. It is 
perhaps not the same type of creature as a living creature, 
but this is not certain, because evidence will accumulate 
which will suggest it is developing to become a living creat- 
ure, But an immense period, perhaps to be reckoned in 
geological ages, it seems wiU be required before man can 
develop any mechanical machine to full correspondence to 
any machine of the body. 

The rate at which the heart of the engine beats can be 
compared to the rate at which the heart of a creature beats. 
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Diircrcnl typos of the internal combustion engine work at 
different rales. The normal rale of working of a gas engine 
may be as low as 80 revolutions a minute. A motor car’s 
engine may make more than 6,000 revolutions a minute. 
Since it requires two revolutions of a four-stroke engine to 
complete the cycle of a heart beat, and one revolution of a 
two-stroke engine, a two-stroke engme working at say 80 
revolutions a minute has a heart beat of 80 a minute, and a 
four-stroke petrol engine working at say 2,000 revolutions a 
minute has a heart beat of 1,000 a minute. The rate at which 
the heart beats varies in different creatures. In man it beats 
about 70 times a minute, in a frog 20 times, in a horse 30 
times, in a mouse 700 times, and in a canary it may beat 
1.000 times a minute which is equivalent to a four-stroke 
engine’s 2,000 revolutions a minute. The rate at which the 
heart of a creature beats can be varied by the actions of its 
accelerator which is formed by its vagus and sympathetic 
nerves. Somewhat similarly the rate at which the heart of 
an engine boats is regulated by actions of the accelerator. 
The ways in which the engine is controlled will be more 
fully studied later. 

Souirds are produced by the heart beats botli in creatures 
and machines. The sounds made by the beating of the heart 
of the common pump can be heard as the han^e is worked 
and the water is made to move from the auricle to the 
ventricle and from the spout. Those made by the heart of 
the internal combustion engine are heard as the gases are 
expelled from the cylinder head cavity and exhaust pipe. The 
heart beats of an engine are louder than those of a creature, 
a sign of the inefficiency of the mechanical contrivance, for 
the more efficient a machine the more quietly as a rule it 
works. 

The head of a creature is reproduced by the cylinder head, 
as correspondence of names shows, There are ventricles 
in the human head, and probably these are reproduced in 
turn by the cylinder head cavity. But the features of the 
head are not easily studied. 

After the food in the body of a creature has bera digested, 
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il diffuses Of percolales through the linings of the inlcstines 
into the blood, and is carried in the blood to all parts of the 
body, Th.c food products are represented in the internal 
combustion engine by the diffused petrol and air, or petrol 
and oil and air, which form a kind of raritied fluid or gas. 
'Hence, the circulation of the gas in the engine has some 
correspondences to and reproduces some of the features of 
the circulation of the blood in the body. 

The rarified fluid, or gas. formed by petrol and air, 1$ 
colourless. But the fluid may have a slightly yellow colour 
when it is formed by petrol and oil and air or oil and air. 
About 1945 petrol for commercial vehicles was coloured red, 
and was popularly known as red petrol. The gas stream in 
engines using red petrol reproduces the red colour of the 
blood. Little progress, however, has yet been made in deve- 
loping the petrol or oil fluid to correspond to the blood in 
colour. 

Food products form only some of die constituents of the 
blood. A considerable proportion of the blood consists of 
water; and therefore the human body has a water circulatory 
system, the tubes being formed by the arteries and veins and 
their capillaries or branches. The system is operated partly 
by the heart, which receives the water of the blood into tlio 
auricles and pumps il out through tho ventricles, the water 
being thus circulated through the different parts of the body. 

In the human body the water, as part of the blood, circu- 
lates through the various tubes of the arteries and veins and 
their branches, and passes through the heart. But in the in- 
ternal combustion engine the water tubes do not pass through 
the cylinder head cavity, or heart of the engine. The water 
circulatory system of the mechanical engine can therefore 
best be compared to the water circulatory systems of those 
creatures in which the watra canals or tubes do not pass 
through the heart. Star fishes and sea urchins, for example, 
have a water circulatory system whose tubes do not pass 
through the heart. The water, in these creatures, is drawn 
throng a perforated plate, the madrepoiic plate, which 
somewhat resembles the rose of a watering can. The water 
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circulatory system of the internal combustion engine repro- 
duces many features of the water circulatory system of such 
creatures, and seems to be a rudimentary copy of it. The 
water ducts and tubes of die engine correspond to the water 
ducts and tubes of the creatures, and the radiator conesponds 
to the madreporic plate. The madreporic plate communi- 
cates at intervals with outside water supplies when the 
creature is out of the water but continuously when it is in 
the water. The radiator of a motor car communicates only 
at intervals with outside water supplies, conununication being 
established only when the radiator is being filled or emptied. 

The water circulatory mechanisms of the internal combus- 
tion engine have been derived from such contrivances as the 
water heating mechanisms of buildings and the water jacketed 
bellows of the blacksmith. The tuyere or bellows’ mouth is 
sometimes surrounded by a water jacket to keep it cool; and 
the water is fed from a tank placed at a height above the 
bellows to ensure circulation of water as the mouth of the 
boUows becomes heated.® 

The water is not always circulated by mechanisms con- 
nected to the heart of the engine, but is often indirectly 
circulated through heat produced by its actions. The water 
circulatory system consists of large ducts or tubes surround- 
ing various parts of the cylinder and developing into fine 
tubes or cells in the radiator. The large ducts correspond to 
the arteries and veins of the body, and the fine tubes or cells 
of the radiator correspond to the small tubes or cells into 
which the arteries and veins develop. The water however is 
sometimes made to circulate in the engine by means of a 
pump operated by mechanisms connected to the heart of the 
engine, and the pump is probably an extension of the pump 
of the heart of the engine. 

The urinary system of the body is reproduced by the 
engine. The urethra tube for letting out water is mechan- 
ized partly as the short duct at the bottom of the radiator, 
through which water is emptied, and partly by the longer 
overflow tube sometimes placed bdiind and proceeding from 

^The Badminton Library, Motors and Motoring. 
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tJhc lop to the IxHlom of the radiator. One water exit is 
much longer than the other, and perhaps the longer lube 
corresponds to the male and the shorter duel to tire female 
urethra of the human body, but the author cannot stale this 
certainly. The male tube is longer and the female duct 
shorter than in the human body. 

To prevent the water freezing in cold weather, certain 
chemicals are put in the water; but the author does not know 
if the addition of these chemicals results in the fluid corre- 
sponding more closely to urine. When these chemicals 
become more developed, perhaps correspondences will 
become marked. The fluid from the radiator like that from 
the body is emptied only periodically. The author does not 
know if the bladder and kidneys are reproduced by the 
engine; but possibly the two ureters, or tubes which lead the 
urine from the kidneys to the bladder are reproduced by the 
two tubes which connect the radiator to the rest of the water 
circulatory system. If the bladder is represented, it is per- 
haps formed by the cavity at the top of the radiator. 

Blood consists of other materials and substances besides 
food products and water; and therefore the blood circulatory 
system consists of other systems besides a food product 
circulatory system and a water circulatory system. One of 
these other systems is an oil circulatory system, hy means of 
which oil and other lubricating fluids and materials arc 
carried to various parts of the body. The joints of the limbs, 
for examine, are lubricated with a kind of oil called the 
synovial fluid; and all other moving parts are Inbricaled with 
appropriate types of fluids or materials. The oil circulatory 
system in the body is combined with the food circulatory and 
water circulatory systems; but is separately mechanized in 
the internal combustion engine. It is difficult to see the oil 
circulatory system of the body by a direct study of the body; 
but in the internal combustion engine the oil circulatory 
system is often almost separate from the food product and 
water circulatory systems and other tarculatory systems, and 
can therefore easily be studied, and by analogy much can 
be learnt about the oil circulatory system of the body. 
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The oil circulatory syalem in no type of engine is fully 
separated from the food product and water circulatory sys- 
tems. Some of the oil in the sump of a four-stroke engine, 
for example, escapes past the piston rings and mingles with 
the petrol vapour in the cylinder head, and is burnt or con- 
sumed as part of the engine’s food. In the two-stroke engine, 
the oil circulatory system is co-terminous with much of the 
food circulatory sytera, and the oil which lubricates the 
engine is drawn in with the petrol and air. In all t 3 rpes of 
the engine, some water vapour is drawn in with the air 
through the carburettor, especially in damp and foggy 
weather; and the water circulatory system is therefore not 
quite distinct from the food product circulatory system. But 
in the four-stroke engine, the oil circulatory system is very 
nearly separate from the other circulatory systems. 

The oil in the sump may be made to circulate round the 
crank-shaft bearings, pistons, and other moving parts of the 
interior of the engine merely by being splashed about the 
inside of the crank-case. Ilie various joints and bearings 
outside the crank-case, as for example the joints of the 
accelerator and brake pedals and rods and the gear box 
wheels, may be lubricated by the crude method of oiling from 
an oil can. The oil can is not properly connected to the 
oiling system; and this method of oiling may be compared 
to one necessary if a person had to oil the joints of his body 
with an oil can. The oil can is partly combined with the oil 
circulatory mechanisms in some engines, when tubes or ducts 
lead from the main oil supply to various bearings and joints; 
but little progress has yet been made in dispensing with the 
outside oil can, or raUier in including the oil can in the 
working parts of the oil circulatory system. The oil in some 
engines is forced throu^ various tubes or ducts in the crank- 
shaft, main bearings, and other intMior parts, by means of a 
pmnp which is an extension of die heart pump of the engine. 
A tube often leads from the circulatory system to the dash 
board to show the oil pressure. The oil pressure gauge 
corresponds somewhat to the gauge a doctor uses when he 
takes the blood pressure of a patient. 



620 


MECHANICAL BIOLOGY 


The engine has cliaracleristics of a warm blooded and of a 
cold blooded creature: but is developing to possess more 
fully the characteristics of a warm blooded creature. 

Heat is produced through the combustion of the food, 
which may be petrol, or petrol and oil, or oil, according to 
the type of engine. The heat liberated during the process of 
combustion is communicated to the cylinder walls and piston, 
and thence to the crank-case, connecting-rod, crank-shaft, 
inlet and exhaust manifolds, exhaust pipe, and other parts. 
Heat is carried by the water circulatory system to various 
parts including the radiator: and the circulatioa of water 
tends to maintain a constant temperature throughout the 
engine, in much the same way as the circulation of tire water 
of the blood helps to maintain a constant temperature 
throughout the body. 

Because heat is continually being generated, some of it 
must be dissipated to the surrounding atmosphere, so that a 
constant temperature can be maintained. Heat is lost or 
dissipated in various ways, which can be seen to correspond 
to ways heat is lost or dissipated by the body. Much of the 
heat of the body is lost through radiation from the skin. 
Much of the heat of the engine is similarly lost from the 
surfaces of the cylinder, inlet and exhaust manifolds, cxliausl 
pipe, crank-case, radiator, and other surfaces. Much heat 
is also lost from the body when the exhaust fumes or gases 
are discharged from the exhaust pipe, formed by the wind- 
pipe or trachea. Similarly, much heat is lost from the engine 
when the hot gases are discharged from its exhaust pipe, 
which it has been explained is an extension of the wind-pipe 
or trachea of the engine. A small amount of heat is lost from 
the body on the discharge of the faeces and urine, which 
occurs p^iodically and not continuously. In the engine, the 
faeces are represented by the waste oil drawn from the sump, 
oil being drawn from the engine while it is hot. The urine 
is represented by the water, or water and chemicals, drawn 
from the radiator. 

Much heat is lost from the engine as the water passes 
through the fine tubes or cells of the radiator. The heat lost 
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in, this way probably corresponds to the heal lost from the 
body from the blood vessels of the skin. In hot weather 
more blood circulates through these blood vessels than in 
cold weather, and so more heat is lost when the surrounding 
atmosphere is hot than when it is colder, thus tending to 
keep the body at an even tempei^alure. The amount of blood 
circulating at any time in the blood vessels of the skin is 
controlled, it is believed, from a thermogenic or thermostatic 
centre in the brain. Very rudimentary copies of the human 
temperature controlling mechanisms can be seen in motor 
cars, the controlling mechanisms being formed by valves in 
the water circulatory systems, and by radiator shutters, the 
controlling centres being formed by thermostats. 

The thermostat sometimes consists of a strip of metal 
coiled like the main spring of a watch and inserted in a 
water tube. As the temperature of the water changes the 
metal spring expands or contracts and operates a valve. The 
valve opens as the water beats and closes as it cools, so that 
the circulation of the water is increased or decreased. When 
the engine is hot the controlling device therefore allows more 
water to circulate through the line tubes or cells of the 
radiator and thus causes greater loss of heat, and conversely 
when the engine is colder it restricts the circulation of the 
water and conserves the heat; and an even temperature of 
the water and of the engine is thus maintained. The radiator 
shutter similarly opens as the water heats and closes as it 
cools, and so either prevents or helps retention of the heat. 

While the engine is working, its various parts remain more 
or less at a constant temperature independently of the tem- 
perature of the surrounding atmosphere although, like the 
'human body, the engine is affected by the surrounding 
temperature. The engine therefore has characteristics of a 
warm blooded creature. The temperature of cold blooded 
creatures depends largely upon and corresponds approxi- 
mately to that of the surrounding medium. When an engine 
stops working it soon takes the temperature of the surround- 
ing medium, and loses the characteristics of a warm blooded 
organism. Some creatures have characteristics both of warm 
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blooded and of cold blooded organisms. Some creatures 
which hibernate, for example, resemble warm blooded organ* 
isms in summer and cold blooded organisnw in winter. When 
an engine is kept in a heated garage, attempts are made to 
retain in it when it is not working some of the characteristics 
of a warm blooded creature. 
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MOVEMENTS 

1"^ NERGY liberated dumg the combustion of food 
|H results in movements of various parts of the body. 
" How energy produces movements of the engine of the 
body is difficult to discover by direct observation; but by 
studying the internal combustion engine and mechanical com 
trivances from which it has been derived, some things about 
the processes can be discovered. 

Two of nature’s primary motive forces are niovmg water 
and movmg air. The ways moving water and movmg air 
produce movements of mechanical contrivances can be seen 
by studying two toys made by boys, the water wheel and the 
wind wheel. 

The water wheel is supported by two forked sticks stuck 
in the bed of a stream or rivulet. It usually has four arms 
projecting fiom a horizontal spindle placed in the forks ot 
the slicks. The ends of the aims, or paddles, dip into the 
water, and the momentum of the water drives the paddles 
round and revolves the wheel. The toy wind wheel is driven 
by moving air. and is very similar in principle to the toy 
water wheel. Types of the wind wheel can be seen in gardens 
on posts, on boys’ bicydes, at children’s parties, and else- 
where. 

The parts played by the water or air can be distinguished 
ftom the parts played by the heat generated by the sun. The 
water wheel is directly driven by the moving water, the wind 
wheel by moving air. But the water and air are made to 
move as a result of heat generated by the sun. The wheels 
are therefore directly driven by moving water or air, but 
primarily and indirectly by heat generated by the sun. The 
auflior need not explain how heat generated by the sun 
causes movements of air and water; and the reader will be 
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faraiUar with the workings of nature's air and water circu- 
latory systems. 

The ways movements o£ mechanical contrivances arc 
caused can therefore be seen. The energy generated by tlie 
sun causes momentum to be imparted to water or air which 
can be imparted to parts of mechanical contrivances to pro- 
duce movements of mechanical parts. Heat generated by the 
isun does not directly produce movements, but produces it 
only by acting on water and air. Movements of parts of lire 
steam engine, the internal combustion engine, and the human 
engine must therefore, it seems, be caused primarily by the 
sun generating heal and causing movements of water or air 
pr both which in turn cause movements of parts of the 
engine. 

The energy of the sun need not at once be used to produce 
movements of air or water. Energy is stored in food, coal, 
petrol, wood, oh, and many other materials, and can bo 
released at any convenient time. Energy generated by the 
sun is released in the human body when food is consumed or 
burnt, in the steam engine when coal or wood or oil is am- 
sumed, in the internal combustion engine when petrol or oil 
is consumed. 

Consumption of coal in the furnace of the steam engine 
converts its energy into heat. This turns the water into gas, 
or water vapour, and results in the particles of the water 
vapotir or steam being given great velocities or energies. The 
energies or momenta of the particles arc transferred to the 
piston which then moves and drives other parts. The particles 
in some types of the steam engine, like the steam turbine 
engine, move like a jet of water or air; but in the railway 
engine and all reciprocating engines use is made of a closed 
cylinder, and this allows the particles of rarifted water, or 
steam, to push against the side of the cylinder cavity opposite 
the piston, much as a person pushes against a wall to propel 
himself from it. 

The furnace of the steam engine is outside the cylinder, 
,but that of the internal combustion engine is inside the cylin- 
der; and the furnace of the internal combustion engine is 
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therefore transferred from the outside to the inside of the 
cylinder (Rule 8). As the petrol is consumed, its energy is 
released and imparted to the air with which it is mixed, 
giving the particles of the air great velocities. The energies 
of the particles are transferred to the piston, and the piston 
then moves and drives other parts of the engine. It seems 
therefore that the main use of the fuel whether coal, oil, 
petrol, or food, is to speed up the motions of mechanical 
parts; and that the steam engine or internal combustion 
engine or human engine is driven directly by moving water 
or air, but indhectly and primarily by the sun. 

The method of using moving water or air which has not 
been artificially heated by food, coal, petrol, wood, or other 
fuel, is much used today. It is used, for example, to move 
the wheels of a water wheel or turbine to generate electricity, 
water being stored in a reservoir and allowed to flow down 
hill to the water wheel or turbine. It is not thus used for 
driving the steam engine, because it has been found better to 
heat the water before allowing it to act on the wheel or tur- 
bine or piston, so that the momenta of the water particles 
can be greatly increased. Also, the heat or energy derived 
from movements of the sun need not be directly used to move 
the watcj', and the water can be moved by energy locked up 
and stored in coal, wood, petrol, or oil, obtained of course 
originally from the heat or energy generated by the sun. Also, 
when using the energy of coal or other fuel, the engine need 
not remain at the same place, but can itself be driven from 
p’ace to place by the moving water or air. 

The sun generates heat within the earth’s atmosphere. It 
does not of course send heat to the earth. To send heat to 
the earth would be impossible, if only for the reason that 
there is a vacuum between the sun and the earth across which 
no heat can pass. 

All theories about heat and light unfortunately have 
hitherto been based on the untested and unproved assump- 
tion that the sun is a hot body, people imagining it to be a 
kind of blazing bonfire. This naive and childish idea will 
have to be discarded with others of a similar sort that have 
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already been discarded, such as for example Iho idea lliot 
the earth is Hat, that the sua revolves round the earth, and so 
on. If the sun exists, it is a cold or temperate body; and if 
we could travel through space and land on it. we might liiid 
it covered with green ftclds, rivers, trees, and perhaps tlieie 
would be snow on the higher mountains and at the poles. 

The absurdity of the idea that heat is sent from the sun 
to the earth is at once apparent. For example, on the 
assumption that the sun is a bouTire, it is impossible to explain 
how heat can travel across the vacuum or more than 
90.000,000 miles between the sun and the earth. The ordin- 
ary household vacuum flask it can be remembered is con- 
structed on the principle that heat does not cross even a few 
hundredths of an inch of vacuum. The assumption also fails 
to explain how heat can cross the intense cold of space and 
then become hot again as it arrives at the earth; how heat 
can be cold at a few miles above the earth’s surface and 
become warm again as it comes nearer the earth’s surface; 
how heat can come in through the cold window pane, leaving 
it cold, and then become hot again in the room; how heat 
can pass through a cold lens and set Ore to paper or other 
flimsy material; how it can pass through a lens made of icc 
without melting it, and then a few inches away set something 
on fire; why the sun has not burnt out long ago; why the 
earth has not become noticeably cooler .since early historical 
times; why there have been ice ages on the earth wW accord- 
ing to the bonfire idea the sun must have been much hotter 
and sending more heat to the earth; it cannot explain what 
becomes of the enormous quantity of heat sent out from the 
sun, and why nature should disperse the sun’s heat in all 
directions, of which no more than an infinitesimal fraction 
can reach the earth; and so on. 

The failure to question the truth of the idea that the sun is 
a blazing bonfire has caused insuperable difficulties in finding 
satisfactory and simple explanations for the behaviour of 
light and heat. Even Newton failed to question this popular 
superstition, and as a result failed to find any sati^actory 
theory of light and heat; and today, through building on this 
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superstition, theories of light and heat have become incredibly 
difficult and complicated. If the foolish and primitive super- 
stition that tlie sun is a hot body is discarded, as great a sim- 
plification may bo possible in theories of light and heat as 
became possible in theories of planetary motions when the 
superstition that the sun moves round the earth was discarded 
and replaced by the more correct supposition that the earth 
itself moves round the sun. 

The idea that the sun is a bonfire belongs to barbarism, 
and is one which people have never thought of testing for 
its truth. If we discard this barbaric idea, we can begin to 
solve the problems mentioned above, and theories of heat 
and light can be greatly simplified. 

The reader can himself soon begin to see the answers to 
the above questions, if he realizes the sun is not a hot body, 
and Uiat heat and light are generated within the earth’s 
atmosphere, and mainly near its surface. That heat and light 
are generated mainly near the surface is obvious from the 
fact that it becomes colder and darker as we ascend, which 
is another fact that cannot be explained on the theory of the 
blazing bonfire. According to this theory, it should become 
lighter and hotter as we ascend, because we tlion go nearer 
the sun. 

The ways heat and light are generated by the sun passing 
across Uie heavens can be fairly well understood from the 
analogy of the actions of an electroscope. Neatly every 
laboratory has an electroscope, which consists essentially of 
an insulated brass cap and rod, with a pair of gold leaves 
suspended from the lower end of the rod. One of its uses 
is to show what happens when an electrically charged body 
is passed over the brass cap. If say, an electrified glass rod 
is brought neat the brass cap without touching it, the leaves 
diverge, showing some electrical actions are occurring inside 
the electroscope. This reveals the principles by which the 
sun heats and lights the earth, the electrified glass rod repre- 
senting the sun, and the gold leaves materials and substances 
in the earth’s atmosphere and surface capable of being 
agitated by the sun passing across the heavens in its daily 
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motion. Heat and light arc generated within the earth's 
atmosphere; and the generation ceases as the sun dips below 
the horizon, as the excitation of the gold leaves ceases when 
the glass rod is removed. No heat or light ts sent from the 
sun. any more than any electricity is sent from the glass rod 
to the brass cap or gold leaves. The sun generates the heat 
and light, which are probably fundamentally electrical 
actions and similar to those which occur m the electroscope, 
wiuiin the earth’s atmosphere, but tlie sun neither gives out 
nor receives heat or light. 

We can now begin to know the solutions of the problems 
mentioned above, or rather the problems do not need solving 
for they do not arise. The sun’s heat does not travel across 
90,000,000 miles of vacuum, because the beat for the earth 
is obtained from the earth, and is generated within the 
earth’s atmosphere by the movement of the sun across the 
sky. No heat can be received or lost either by the sun or 
by the earth. Therefore the earth, as a whole, is not cooling, 
and never was a hot body; and never wiU “ roll wuwjrds life- 
less in space ”, as those who arc under the delusion the sun 
is a blazing bouhre foolishly imagine. The sun uannot burn 
out, because it is not a burning body; and nature docs not 
dissipate immense quantities of heat uselessly into space. Ice 
ages and hot ages cun alicrnaiB on the earth: because as heat 
is generated in the eai'Ui’s atmosphere, vegetation takes it in 
and stores it as a form of energy which can be released 
later, the energy being stored often in coal and oU deposits. 
As energy becomes locked up in coal, petrol, and other 
deposits, less heat can be generated by the sun; and an icc- 
age begins. K for any reason much of the energy from coal, 
petrol, and other sources, is set free, more energy becomes 
available for generation into heal, the climate becomes 
warmer, and a hot age begins. The growth of vegetation is 
then accelerated to check this process. After a time a slate 
of equilibrium is reached. The process then begins to be 
reversed; and so ice and hot ages alternate. Each piece of 
wood or lump of coal that is burnt, each journey made by a 
motor car, sets free energy which is turned into heat by the 
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sun in its daily movements; and the sun thus tries to reverse 
the process of burning the wood or coal or petrol by making 
the climate warmer and stimulating the growth of vegetation 
to store again the energy that has been liberated. If coal 
and oil and other heat storing agencies release more energy 
than is taken in by vegetation, a hot age automatically 
begins. Conversely, if more heat is stored in coal, wood, 
and other store houses, than is expended, an ice age begins. 
The greater proportion of the energy available for generation 
into heat is however stored in other materials than coal and 
oil and wood and other vegetation. Much energy or heat 
for example is continually being stored as water is turned 
into clouds and released as the clouds descend as rain. Prob- 
ably the energy that could be stored in coal and other 
vegetation is but a small fraction of the whole free energy; 
and so the earth can never become ice-bound or too hot for 
life; and its temperature can vary only within certain limits. 
Nature’s mechanisms for controlling hot ages and ice ages 
are therefore very simple and easily understood; but are in- 
comprehensible if the sun is assumed to be a bonfire. 

A room can be heated by the sun through cold glass be- 
cause the heat is generated within the room. No heat can pass 
through cold glass and leave the glass cold and then become 
hot again. Somewhat similarly, heat does not pass through 
an ice lens. The attractions or electrical actions of the stm 
are concentrated by the lens, so that materials can be set on 
fire. 

The action of the sun in exciting heat and causing light im- 
pressions within the earth’s atmosphere is not instantaneous, 
but requires about eight minutes to take effect. This can 
be known because it is said that light “ travels " at the rate 
of 186,000 miles a second approximately- It does not of 
course travel from the sun to the earth. It can be noticed 
that although scientists say they know how long light takes 
to travel from the sun, they never study how long heat takes 
to travel from the sun, because this problem cannot be in- 
vestigated on the fiery bonfire assumption. 

The reader may protest and say the assumption that the 
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sun is a bonfire must be correct because photographs have 
shown flames leaping from the sun, sun spots have been seen 
on the sun, mathematicians have measured the rate at which 
light travels from the sun to the cartli, scientists think they 
can account by atomic actions for the sun not having burnt 
itself out, and so on. But a camera can show the sun moves 
round the earth. Indeed if a photographic plate is exposed 
to the sky at night, a star will trace a part of a circle on it: 
and this will show the star is moving in a circle round the 
earth, which is obviously wrong. Elaborate measures are 
taken by astronomers when photographing the stars or 
planets, so that the earth can move without turning the 
camera away from the stars or planets. Photographic plates 
exposed to the sun do not photograph the sun, but photo- 
graph some of the effects caused by the sun, and so astrono- 
mers see sun spots and other imaginary things. The evidence 
of the camera cannot be trusted any more than the evidence 
of the eyes. Pre-Copernican astronomers were able to show 
the sun moves round the earth from the evidence of llieii 
eyes and from common sense, and were able to account 
almost but not quite satisfactorily for the movomenls of Uie 
planets by immensely complicated theories of eccentrics and 
epicycles and other devices. But eccentrics and epicycles 
are now forgotten, and the evidence, of our eyes and com- 
mon sense we know cannot be depended on. Tl is simpler 
and easier to think the earth moves round the sun : and It is 
simpler and easier to believe the sun is a cold body. 



Chapter 60 


THE NERVOUS SYSTEM 

T he engine has a fairly extensive system of nerves 
which reproduces many features of the human ner- 
vous system. We will study an engine fitted to a 
motor car body, which will somewhat simplify the study of 
its nervous system. 

Some of the nerves of the motor car are formed by the 
electric wires or cables from the magneto to the sparking 
plugs and from the battery to the lamps. The nerves formed 
by electric wires or cables are rudimentary copies of the 
nerves of the body. A human nerve is an extremely com- 
plex organism. It has parts and devices, for example, to 
allow it to grow, to repair itself, to feed itself, and so on. 
The mechanical nerve, formed by an electric nerve repro- 
duces only a very few of the features of a human nerve, and 
reproduces mainly the properties of the human nerve which 
allow impulses to be transmitted. 

There are several types of mechanical nerves, varying from 
the bare current carrying wire to the complex submarine 
cable. Unsheathed nerves can be seen in the wires between 
telegraph posts, sheathed wires in rubber and cotton covered 
household wires. The mechanical nerve consists sometimes 
of a copper wire covered with rubbM, sometimes of several 
fine strands of copper wire twisted together along their 
lengths and sheathed in rubber or cotton or rubber and 
cotton. The fine copper wires correspond to the fibres of a 
human nerve. The rubber and cotton sheaths correspond to 
the sheaths of the human nerve. A human nerve sometimes 
has two coats or sheaths, an outer coat of connective tissue 
and a thick inner fatty sheath. The rubber insulation of a 
mechanical nerve probably corresponds to the inner fatty 
sheath of the human nerve, and the cotton binding perhaps 
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corresponds to and reproduces some fcaliires of (he human 
sheathing of connective tissue. 

A mechanical nerve, like a human nerve, may be single or 
double. The cable from the magneto to a sparking plug is 
an example of a single nerve; that front the batteiy to a 
lamp, if it has two wires, is an example of a double nerve. 
One of the wires of a double nerve is an allercnl nerve, ttr 
one which carries an electric current, the other an ellerent 
nerve, or one which carries back the current. The two nerves 
of a cable may be merely twisted together, but often arc 
twisted and then covered with additional insulating material, 
so that the two nerves appear outwardly to be a single nerve. 
The roots of the nerve are where the cable joins the ter- 
minals, the cable dividing into two separate nerves and one 
nerve going to the positive and the other to the negative ter- 
minal. This branching into roots at the terminals copies the 
branching of a human nerve at its roots, as for example when 
a sensory nerve and a motor nerve which run together in the 
human body diverge into two roots, and the sensory nerve 
joins one terminal and the motor nerve joins another tcnuiaal 
of the spinal column nerve. 

The author is not the first to point out correspondences 
between the structures and materials and methods of working 
of human nerves and electric cables. Most writers on the 
biology of the body note similarities between the human and 
mechanical contrivances. 

In a single cylinder engine only one nerve connects the 
taagneto to the cylinder head, joining it at the sparking 
plug. A two cylinder engine has two nerves from the mag- 
neto to the sparking plugs, one nerve going to each sparking 
plug. In general, the number of nerves from the magneto to 
the cylinder head corresponds to the number of sparking 
plugs, provided each cylinder has only one sparking plug; 
and an eight cylinder engine, for example, usually has eight 
nerves from the magneto to the heart of the engine. The 
magneto forms a kind of ganglion, or nerve centre, or plexus 
of nerves. 

The impulse from the magneto is transmitted to the other 
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end of the nerve at the sparking plug end, in accordance 
with Rule 8. The impulse allows the combustion or con- 
sumption of food, or petrol and air, to begin. It docs not 
cause the combustion, any more than say the top of a hill 
causes a boulder to roll down the hill after it has been pushed 
to the top. The boulder rolls down the other side of the 
hill because of the potential energy it has accumulated as the 
person pushed it up the hill. The combustion of the food in 
the cylinder head cavity is caused mainly as a result of the 
petrol and air having been well mixed and healed and brought 
to the right conditions for combustion to begin. The im- 
pulse, given by the spark, provides the last or final touch, to 
start combustion. Indeed in many types of the engine, the 
diesel engine for example, no spark is provided, and the com- 
pression and heat of the well prepared air and fuel begins 
the process of combustion. In the human body, the impulse 
does not result in an actual spark, and combustion and other 
processes proceed merely on receipt of impulses, provided 
conditions are right for the processes to begin. 

The nerves which join the battery to the lamps correspond 
to optic nerves. When the lamp switch on the dash board 
is moved to the “ on ” position, the lamps respond and allow 
the driver to see objects on the road ahead. The whes do 
not serve merely to give the impulse; they also transmit the 
energy to produce the light. The lamps then act ns mechani- 
cal extensions for the eyes of the driver. A lamp does not 
act as an eye to receive impressions of objects on the road 
ahead, but excites actions in objects on the road ahead, so 
that the driver’s eyes can receive impressions of them. The 
lamp’s actions compared with those of the driver’s eyes are 
therefore reversed (Rule 11). The mechanical eyes, that is 
the lamps, are used as mechanical extensions of the driver’s 
eyes only at night time. In the day time he does not need 
these mechanical extensions; but he uses certain other mech- 
anical extensions both at night time and in the day time. 

H he wears spectacles, the lenses of the spectacles form 
mechanical extensions of the lenses of his eyes. The glass 
of the windscreen is also a mechanical extension of the 
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driver’s eyes, but not of (he lenses of his eyes, as the glass 
does not magnify or change the directions of the light im- 
pressions. The glass corresponds to and is a incchanicnl 
extension of the transparent front of the eyes, the cornea, 
which itself acts as a window for the body. The windscreen 
glass serves many purposes. One purpose is to receive the 
dust and dirt and water that otherwise would be received in 
the driver’s eyes. The windscreen glass must therefore, like 
the human eye, be regularly cleaned. It can be cleaned say 
by a duster or rag, as the eye can be cleaned by a handker- 
chief; but this is not a satisfactory method of cleaning the 
glass. The human eye is cleaned by the eye lid as it passes at 
intervals over the eye ball, The human wiping device is given 
a crude mechanical extension by means of the wind screen 
wiper, which cleans the ^ass by continually passing over it. 

Mechanical wipers are not usually provided for cleaning 
the glasses of lamps; and the primitive method is used of the 
driver, or somebody else, scraping or wiping oil the dirt and 
dust and wet with a rag or other material or tool, a method 
corresponding to washing the grit and dirt and Hies from the 
eye. But mechanical eye lid wipers have been lilted U» the 
lamps of a few motor cars; and perhaps the practice will 
become general. 

The wind screen wiper is sometimes joined to and oper- 
ated from the manifold pipe or induction pipe, suction caus- 
ing the movements of the wiper. This arrangement of 
mechanical devices helps to show the clo.sc connection 
between the eyes and the mouth or nostrils, the mechanical 
wiper being closely connected to the breathing apparatus of 
the engine. 

The action of switching on the lights of the lamps is a 
voluntary action, or one performed consciously and deliber- 
ately. Most of the voluntary actions of the body ate caused 
by impulses sent to various musdes and other parts by 
nerves from the main part of the nervous system of the body 
which lies mostly in the brain and spinal column. The main 
nervous system of the driver’s body is responsible for the 
action of the hand in switching on the lights, and the nerves 
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running to the lamps arc therefore related to and work in 
harmony with the nerves of the main part of the human 
nervous system. 

The human body has a secondary nervous system. This 
is connected to the main nervous system by branch nerves, 
the rami communicantes; but it is not for the most part under 
the du'ect control of the will. This secondary or subsidiary 
system runs approximately parallel with the first or main 
system which runs from the brain and through the spinal 
column, but instead of being enclosed in tlie spinal column 
lies more within the body. Hie main system is the cerebro- 
spinal system. The second or subsidiary system is called the 
sympathetic and sometimes the autonomic system. The two 
names of this second system help us to understand some 
things about the workings of the internal combustion engine, 
as we shall see. for although the nerves of the main system 
of the body of the driver are mostly used for starting the 
engine, whon-it has been started the parts of the engine work 
without his conscious will being exercised, and work mainly 
under the influences and actions of his sympathetic or auto- 
nomic nerves. 

The sympathetic nerves of the body are largely responsible 
for the continuous workings of parts like the breathing tubes, 
stomach, and heart; and these parts are not operated by the 
conscious will of a person. But their actions can be in- 
fluenced to some extent by the will of the person. For 
example, the heart can be made to beat more quickly by a 
person becoming excited or taking violent exercise. The rate 
at which the heart beats, it is believed, is controlled or 
governed by nerves from the sympathetic system, and also 
by the vagus nerve, a nerve which originates in the brain and 
wanders about the body, as its name shows, the word vagus 
being related to the word vagabond. The sympathetic nerves 
act as an accelerator on the heart; the vagus nerve acts in 
the opposite way and decreases the sizes of the breathing 
tubes and retards the actions of the heart. As nearly every 
writer on the biology of the body points out, the actions of 
the sympathetic and vagus nerves correspond to those of the 
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accelerator pedal of a motor cur, for the driver to cnlarg,c the 
sue ot the bieallung tubes of the engine and to iiicreusc the 
rate at which the heart of the engine beats presses down the 
pedal, but allows it to ascend to reverse these actions (Rule 
11 ). 

The internal combustion engine then, like the human body, 
has a double system of nerves, some being under tlie con- 
scious and direct operation of the driver's will, and ollieis 
aciiiig without his conscious direction. One system corre- 
sponds to the mam or cerebro-spinal system of nerves of the 
body: the other to the sympathetic system. An example of 
a nerve of the engine belonging to and connected to the 
driver’s main system of nerves is the cable to the horn. The 
horn must be operated each time by the driver, and does not 
work without his conscious direction lo give warning of the 
motor car’s approach. An example of a sympathetic nerve 
IS a cable from the magneto to a sparking plug; for the im- 
pulses along the sparking plug nerve arc not consciously 
operated by the driver. By means of the syinpaihetie nerves, 
and other sympathetic mcchanisitui which will soon be 
described, the engine can hrdeed continue its actions when 
the human body is far from it. 

Besides sympathetic nerves, the engine bus sympathclie 
mechanisms, which however are largely controlled by the 
sympathetic nerves. A study of watches and clocks soon 
makes clear the differences between sympathetic rnechanisms 
and sympathetic nerves. A pocket or wrist watch has no 
mechanical sympathetic nerves, and the sympathetic nerves 
are formed only by the body. But it has many sympathetic 
mechanisms; and &ese allow it to work and keep lime with- 
out tile conscious operation of the owner. The owner must 
connect his time mechanisms lo those of the watch in order 
to start the mechanisms; and does this when he winds the 
watch. Thereafter the watch contmues to work under the 
power given by the owner to the mainspring; and the sym- 
pathetic mechanisms formed by the various wheels and other 
parts continue to work until the power given by the owner is 
exhausted. The power is not directly provided by the owner 
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for an electric clock. Tins has a main nerve connecting it to 
the nerves of the clectilcal system of the house; and the clock 
will continue to work by moans of its sympathetic nerve and 
Its sympathetic mcclianisms as long as power is transferred 
to the end of the nerve at the dock end. 

Many machines have no autonomic or sympathetic nerves, 
and their sympathetic mechanisms are not capable of work- 
ing away from the body. For example, the bicycle has no 
autonomic nerves, and all its movements depend on nerve 
actions, voluntary or involuntary, of the cyclist; and when 
he dismounts the bicycle’s actions stop, although reflex 
actions may allow it to run unsupported for a few yards. 
The motor cyde has an autonomic system of nerves, formed 
by the nerves from the magneto to the sparking plug, by 
nerves from the dynamo to the lamps, and by other nerves 
or cables; but the balancing movements are not controDed by 
the bicycle’s autonomic nerves, but by the rider’s. Since the 
rider’s balancing nerves are not mechanized, the motor 
bicycle cannot balance itself. The nerves which control 
balancing movements, it is believed, originate from the part 
of the brain called the cerebellum which lies under the main 
brain at the back of the head. They arc not given mechani- 
cal extensions in the motor bicycle or ordinary bicycle, 
although the balancing mechanisms are given some mechani- 
cal extensions. 

A study of the toy water wheel and toy wind whed reveals 
that these contrivances have sympathetic mechanisms. In 
order that the water wheel or wind wheel may continue to 
work, it must be controlled by the boy. Control is exercised 
by the boy going to the toy and readjusting it as nature’s 
water or air circulatory system changes. If, for example, the 
level of the rivulet falls, the boy must lower the forked 
sticks, or the paddles will not continue to dip into the water. 
If he neglects to use his control mechanisms, the water wheel 
may be washed away as the water rises. 

The control mechanisms are sometimes given mechanical 
extensions. Thus, instead of the boy raising or lowering the 
wheel as the water rises or falls, he may place the wheel on 
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a lloating plattorm which will rise ami fall with the level of 
the water. The direclioii o£ the wind wheel ncetl not he 
continually changed by the boy us the wind changes its 
direction, and the wind wheel will change its direction cmi- 
linualiy according to his wishes if he provides it with a vune 
or tail, so that the arras always receive the wind. 

Ways in which sympathetic mechanisms are constructed 
land related to the body are well illustrated from the oft told 
story of Humphrey Potter’s mechanization of llic valve 
opening and closing devices of the steam pump. It was his 
task as a boy in 1713 to form these devices with parts of his 
body: but he noticed that by connecting certain parts of the 
engine to others, the engine would open and close its valves 
at the correct moments. The mechanical parts and actions 
replaced the human parts and actions, but not entirely, for 
he was still responsible for opening and closing the valves, 
but now performed these actions indirectly by means of 
mechanical extensions. 

In the internal combustion engine, control mechanisms are 
fairly well developed, some of them being formed as has 
been explained by mechanical nerves formed by electric wires 
or cables. In the steam engine, control mechanisms arc 
formed by such devices as valve opening and closing mech- 
anisms and safety valves. Like the mechanisms of the 
stomach and heart and respiratory organs of the body they 
operate without the conscious will being exercised. 

When a motor car is stationary but the engine is running, 
the nerves or cables from the magneto to the sparking plugs 
convey the impulses to keep the engine running; and the 
engine then runs under the control or influence of its sym- 
pathetic nerves. If the nerves are disconnected or cut, the 
heart of the engine ceases to beat, that is the engine stops 
running. But the heart of a creature can beat or palpitate, 
if the nerves running to it are cut. The heart of an engine 
can also continue to beat, under certain conditions, if the 
nerves or cables are cut; and indeed the hearts of some types 
of engines beat normally without impulses from external 
cables. 



THE NERVOUS SYSTEM 639 

Many types of the internal combustion engine do not have 
electncai ignition; and no nerves or cables run to the cylui- 
dcr head from a magneto to ignite the charge or start its 
combustion. The diesel engme is a well known example; 
and tlie heart of this engine beats without cables or nerves 
to the cylinder. The charge in the cylinder head, as has been 
said, burns when compression is sufficient, the heat during 
compression causing the combustion at the right moment as 
the fuel is injected into the compressed air. Combustion of 
the charge occurs in many other varieties of the internal 
combustion engine without an electrical spark from a cable 
from a magneto. 

It has long been known that the process of combustion will 
begin if oil vapour mixed with air is brought into contact 
with a metal surface at a comparatively low temperature. 
Qerk showed this about 1880 by screwing a bolt into the end 
of the piston of a two stroke engine, so that the bolt pro- 
jected well into the combustion chamber. After the engine 
had run for about fifteen minutes it was found it would run 
with the ignition switched oil. the heated end of the bolt 
starting the combustion each time the gas was compressed. ^ 
“Hot bolt” ignition was indeed used for some time after- 
wards on several types of engines. 

A common method of causing combustion to begin is by 
use of the hot bulb. This is a small bulb extension of the 
cylinder head cavity, into which gas is forced. Air is drawn 
into the cylinder cavity, and at an appropriate moment the 
gas and air are allowed to mix, and combustion then begins. 

The bulb forms an extension of the cylinder head cavity, 
and reproduces features of the bulbus arteriosus of a creat- 
ure, which serves as an extension of its heart. This bulb 
extension is pronounced and well formed in the heart of a 
fish. The fish has a two chambered heart, consisting of one 
auricle and one ventricle. The bulbus arteriosus is a bulb- 
like expansion of the artery winch takes the blood from the 
heart to die gills, and is situated where the artery joins the 
ventricle. Therefore gas engines with hot bulb ignition have 
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mtx cxtcnwou o£ the heart cavay corrcspontlinit to the hulbus 
arteriosus. Tlic lube leading to the Jiot bulb, winch brings 
the oil 01 other fuel, corresponds to Uic artery joining the 
heart and the gills or lungs. 

The size and form of the bulbus arteriosus vary in dilfcrent 
creatures, Somewhat similarly, the form of the moduinical 
bulb varies in dill'crenl engines. It is well formed in the 
“ hot bulb ” engine, and is almost a separate part, and is seen 
as a swelling of the tube or artery from the oil chamber. In 
some types the bulb appears as an expansion of the heart 
cavity, or cylinder head cavity, but of course still forms part 
of the artery that leads in the oil. The “ hot bulb ” is some- 
times surrounded by a water jacket, and is then water cooled. 
The bulb is not apparent in many other types, but is per- 
haps formed by the cylinder head cavity itself. The hot bulb 
contrivance, or a part of it, in some engines lakes the form 
of the hot bolt and in others the hot tube. The hot tube con- 
sists essentially of a platinum tube a few inches long closed 
at its outer end and screwed into the corabusUoii chamber 
so that part of it is inside the cylinder head cavity. It is 
heated externally by a bunsen burner, and combusliou occurs 
when the mixture of fuel and air reaches the hot inner end 
of the tube. 

From a study of dilferont types of the internal coml)ii.stion 
engine, which provide simple and elementary working models 
of the hearts of creatures, wo can Urns begin to unUersiaad 
why the heart can beat after removal from the body and 
even after its outer nerves have been severed. 

The impulse from die sparking plug comes just before the 
power stroke begins. The power stroke begins when the 
heart cavity has been filled with pure gas and the gas has 
been fully compressed. This corresponds to the time when 
the cylinder head cavity acts as a filled left veniricle. It 
seems therefore probable that the power stroke for the 
human body is delivered at the moment the blood in the left 
ventricle is fully compressed, that is at the moment the blood 
begins to be discharged from the left ventricle through the 
aorta to various parts of the body. However, the reader may 
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be better able than the author to compare the actions of the 
hearts of the body and of the engine, and establish or contra- 
dict this theory. 
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THE PISTON 

T he human prototype of the piston, gudgeon pm. and 
connecting rod, is tlie contrivance formed by the hand, 
wrist, and arm. when a person raises water from a well 
or pool by cupping his hand, as will now be shown. 

Water can be raised from a well by the bucket and rope 
machine, or machine formed when a person draws water 
from a well with a bucket and rope. Mechanical paits of 
this machine are formed by the bucket and rope; human 
parts by the body. The engine which provides the power is 
not mechanized, and is formed wholly by the bony. The 
mechanical ports are connected to the human parts by the 
hand and arm, or hands and arms, and are extensions of the 
human parts. The human parts of the machine cannot easily 
be dn-ccUy studied; but some things can be learnt about them 
indirectly from a study of their mechanical extensions. The 
bucket is a type of piston. It is not a cylindrical but a conical 
type, because the upper part is wider than the bottom part, 
^e bucket having the shape of a frustum of a cone, approxi- 
mately. Compared with the piston of a motor car engine it 
is upside down, compared with the horizontal piston of a 
railway engine it is turned through a right angle (Rules 1 1 & 
10). The piston formed by the bucket has a down and up, 
or reciprocating motion, as it is lowered and raised to draw 
water. The gudgeon pin is formed by the handle of the 
bucket. The devices which connect the gudgeon pin to the 
piston of an engine are represented by the parts of the rope 
which secure the rope to the handle. These are transferred 
copies of the gudgeon pin, or wrist pin, devices formed at the 
upper end of the rope by the hand. The connecting rod is 
partly artificial and partly human, and is formed by the rope 
and arm. 
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The actions of iho water on the bucket arc reversed, com- 
pared with their actions on the piston of a steam engine 
(Rule 11); because the water vapour pushes or moves the 
piston of the steam engme, but the bucket piston moves or 
raises the water. 

Water can be raised by usmg a bucket without a rope, the 
bucket bemg held directly by the hand instead of indirectly 
by the agency of a rope. The cords of the arms are not then 
given artiheial extensions; and the conneclmg rod is formed 
solely by the arm. The cylinder to contain the gudgeon pin 
is not mechanized, and is formed only by the hand and 
fingers as they enclose the handle, or gudgeon pin. The 
engine of the machine is not mechanized, and the human 
engine must directly provide the power to move the piston of 
the bucket. The person therefore cannot merely by operat- 
ing levers or pressing buttons lower the bucket and raise it 
and draw water from the well, as he can do when his engine 
is sufficiently mechanized by means say of a petrol engine 
working a pump. 

The bucket may be represented by a pot or vase of some 
kind, and the gudgeon pin is not then mechanized, unless the 
pot or vase has a handle to be grasped by the hand. 

Water can be raised without a pot or other mechanical 
vessel; and the hand itself may bo cupped to form the pot. 
or piston, to raise the water. Reciprocating movements are 
performed by the cupped hand and connecting rod formed 
by the arm, as the hand is lowered and raised. The human 
prototypes of the piston, gudgeon pin, and connecting rod, 
can therefore be seen in the human contrivance formed by 
a band cupped to raise water from a pool. 

Several contrivances of the body are mechanized and ex- 
ternalized in the bucket and windlass machine. In the 
mechanisms of this machine can be seen prototypes of several 
of the main parts of the internal combustion engine. The 
bucket corresponds to the piston, the rope to the connecting 
rod, the horizontid drum or cylinder on which the rope is 
wound corresponds to the crank-shaft, and the wheel to the 
flywheel. The handle of the windlass wheel corresponds to 
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the starting handle of a motor car. When the .starting handle 
of a motor car is turned, the driver turns the tly wlmei and 
crank-shaft, and moves the piston up and down; and many 
of the mechanisms and movements of the engine arc merely 
modifications of those of the bucket and windlass contriv- 
ance. When the driver turns the starting handle, llie piston 
and crank-shaft and flywheel and many other mechanisms 
of the engine are immediately connected to and worked by 
his body, and directly form extensions of his mechanisms. If 
the engine is accidentally left in gear, all the locomotive and 
engine mechanisms of the motor car become directly con- 
nected to corresponding mechanisms of the driver’s body; 
and the motor car can be made to move forward by turning 
the starting handle with the engine in gear. 

In the common pump machine the water is not raised 
directly by the human engine. As the handle is worked, a 
vacuum is created by the piston, and atmospheric pressure 
then forces the water from the well up through the pipe of 
the pump. Indirectly of course the human engine raises the 
water. 

The piston has been derived from the cupped liaiid con- 
trivance; but as we have seen also reproduces certain 
features of the stomach, heart, and respiratory organs, since 
it forms part of the walls of the cylinder head cavity of the 
internal combustion engine. We saw earlier that in much the 
same way, for example, the knobbed head of a club has 
been derived from the fist, but reproduces also certain feat- 
ures of the head. Or, as another example, the narrow part 
of the handle of a lawn tennis racket has been derived from 
the wrist, but reproduces also features of the throat. These 
facts we discovered could be explained on the theory that 
mechanization of the offensive machinery results also in 
mechanization of the reproductive machinery. It is possible 
therefore that the cupped hand contrivance is related to, say, 
the heart in much the same way as the fist is related to the 
head or the wrist to the throat; and that two machines are 
mechanized simultaneously when the cupped hand contriv- 
ance is mechanized. But the author has not made much 
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study of ihc various mechanical contrivances from which the 
internal combustion engine has been derived, and cannot say 
if this is so. 

The piece of machinery formed by the piston, gudgeon pin. 
and connecting rod of an engine is similar in many respects 
to that formed by the wooden cylinder, hand grip, and arm 
of the pallone player, Fiatire 3. If the ninety three spikes 
are removed from the bracciale, the resemblances between 
the two contrivances become very marked. Moreover the 
movements of a piston and of a bracciale are very 
similar. 

The piston corresponds to the wooden cylinder of the 
bracciale. The gudgeon pin corresponds to the bar of the 
bracciale which is grasped by the player’s hand. The con- 
necting rod corresponds to the contrivance formed by the 
arm of the player, the connecting rod of an engine being a 
mechanical form of the arm or leg. 

As the pallone player walks or runs the bracciale and the 
arm perform piston and connecting rod movements. Indeed 
piston actions arc performed when anyone walks or runs, 
but are especially pronounced when anyone runs. The fore- 
arms arc then bent at right angles to tlic upper arms, and 
move rhythmically to and fro at the sides of the body, one 
forearm and fist or hand going forward as the other comes 
back. As speed is increased of decreased, so are the piston 
actions accelerated or decreased. The arms move in time 
with the legs, the right arm and left leg going forward and 
backward together, and the left arm and right leg keeping 
time together, the legs like the arms performing connecting 
rod movements. Small boys are fond of demonstrating the 
actions of the pistons and connecting rods of railway en- 
gines, by shuffling along, with their forearms bent and work- 
ing backwards and forwards. As they shuffle along they also 
make chuff-chuff noises, the chuff-chuff noises made by the 
the railway engine reproducing very poorly the respiratory 
noises made by small boys. 

The bracciale devoid of its spikes is a type of mechanical 
sleeve, and related to the sleeve of a coat. The sleeve of a 
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bracciale is found in a modified form inside an internal com- 
bustion engine, as part of the sleeve valve mechanism, both 
sleeve and piston being types of the bracciale. The phrase 
“ sleeve valve ” shows that the sleeve valve is related to the 
sleeve of a coat. 

The delivery of the power by a pallone player is demon- 
strated with clearness and much pomp and ceremony at the 
beginning of the game. Pallone is closely related to tennis. 
The scoring, for example, is the same, and the playing area 
is similarly divided into two courts, the players being separ- 
ated by a net or some other dividing line. The server in 
lawn tennis must keep one fool on the ground and may not 
move forward while serving. In pallone the server, who is 
called the battitore. is allowed to run, and is provided with 
an inclined plane down which he runs on to the court to 
obtain greater momentum. He is provided with an assistant, 
the mandarino, who holds the ball and lobs it to him as he 
runs. The ball is hit by the running battitore to the other 
side of the arena. The way the ball is served is thus described 
by Dr. A. L. Fisher: — 

“ When the game is about to conunenco, one or the other 
of the inclined planes, according to the fancy of the player 
who begins the game, is drawn half way out of the recess on 
to the playing 0oor, when the man who begins the game, 
called “battitore”, takes his stand upon the top of the 
trapolino (Inclined plane), and extending the hand in which 
he holds the bracciale towards the opposite players, he swings 
it violently backwards and forwards in a semicircle; ho then 
suddenly runs down the trapolino and along the floor to- 
wards the middle with all the speed he can command, so as 
to acquire as much Impetus as possible and to strike the ball 
with more effect. At the time the battitore takes his stand 
on the trapolino, another man. called “mandarino”, places 
himself on the floor at twenty-five yards in advance of the 
battitore, and stretching towards him his right hand with the 
ball in it. he manages to pitch it to him in his forward course, 
so that it meets him when be is midway between himself and 
the trapolino. At this moment the hall is about two feet from 
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the ground. The battitorc has the option of striking it or 
not, according as it comes favourably or the contrary. Should 
ho reject it he resumes his stand upon the trapolino, and die 
operation is repeated perhaps two or three times ... If the 
batlitore is of first rate force he will frequently send the ball 
high over the heads of the opposite party, so that it strikes 
against the net in front of the gallery or amongst the specta- 
tors of that end, causing an immense amount of fun at the 
expense of the party who may be struck by it: but this is a 
rare occurrence, for from habit they judge so well of the 
flight of the ball as to escape by moving a trifle to one side 
or the other, the amount of mischief in most cases being 
confined to the smashing of a chair vacated the moment 
before by the occupant ...” 

By swinging the bracciale violently backwards and for- 
wards in a semi-circle before he begins to run the server 
winds up his power. As his winding apparatus is not mech- 
anized it is difficult and perhaps not possible to discover 
much about it by direct observation of his actions; but the 
mechanical principles of his mechanisms are demonstrated 
iWhon the spring of a toy engine or of a clock or watch is 
wound. When the power has been fully wound, die battitore 
proceeds to use it to propel the ball, Without stopping, 
which would allow the wound up power to run down, he 
runs at full speed to the ball and the power is delivered from 
the piston and transmitted to the ball, Tho power from the 
piston of the internal combustion engine is delivered on the 
downstroke; that from the pallone piston on the up-stroke, 
the action of the bracciale being reversed compared with 
that of the piston of an engine (Rule 11). The power from 
the pallone piston moreover is delivered at right angles to the 
axis of the arm, that from the piston of an engine along the 
axis of the eonnecting rod, the directions of the delivery by 
the two contrivances thus being at right an^es (Rule 10). 

The power from the piston of a motor car is transmitted 
to the crank-shaft, then along the power shaft to the gear box. 
The spikes of the bracciale are not represented on the piston 
of an engine; but are probably represented by the cogs or 
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teeth of the gear wheels. This is suggested by the aiipcur- 
ance of a raodern braccialc, which has niiuiiy resemblances to 
the internal mechanisms of a gear box, the circumferential 
rows of spikes forming types of gear wheel cog.s; aiul by 
the fact that spikes like cogs are types of mechanical 
fingers. 

The connecting rod of a piston is a mechanical extension 
of the connecting rod contrivance formed by the arm or leg 
when a person runs. When a person walks or runs, the 
connecting rod formed by a leg pushes the foot against the 
ground and the person is therefore able to move forwards. 
When astride a hobby horse, the rider similarly pushes with 
the connecting rod of his leg: but when astride a modern 
bicycle he is provided with several mechanical extensions for 
the connecting tod of his leg, formed by the crank of the 
pedal, the top part of the chain, the spokes, and other parts, 
and pushes indirectly on the ground by means of the mech- 
anical extension of the sole of his shoe formed by the 
part of the tyre in contact with the ground, A child in a 
toy motor car may push with his feel directly on the 
ground; but if the machine is provided with pedals, lie 
does not directly tread on the ground, and pusho.s indirectly 
on the ground through the agency of the pedals, cranks, 
chains, spokes, and parts of the tyres In contact with the 
ground. The driver of a motor car does not push himself 
along by placing his feet directly on the ground. His legs and 
feet and the engine of his body are provided with mechanical 
extensions: and his feet remain almost motionless as the 
motor car moves. His legs however cannot remain quite 
motionless, but must still perform some rudimentary running 
motions. These occur as he moves his feet forwards and 
backwards, at intervals, to work the brakes, clutch, and 
accelerator pedals. It is evident therefore that his locomotive 
and engine mechanisms have not yet been mechanized and 
externalized sufficiently to allow him to keep his feet still. 
His hands and arms perform rudimentary piston and connect- 
ing rod movements as he steers the motor car. His running 
Or walking movements ate also badly distorted, because of 
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the imperfect dcvelopnienl of the mcchauisms of the motor 
car. 

The piston therefore pushes on the ground, not directly 
but indirectly by means of extensions like the connecting rod 
crank-shaft, propellor shaft, gear wheels, back axle, spokes, 
and felloes, the felloes finally giving the impulses from the 
piston to the ground. As has been explained, a felloe of a 
wheel, or part of the wheel in contact with the ground, is a 
mechanical extension of the foot. Therefore the piston pushes 
on the ground by means of a mechanical extension of the 
foot. But the piston, it has been shown, is also a mechanical 
extension of the cupped hand. The interior surface of the 
cupped hand is formed by the palm and insides of the 
fingers; and when a person walks on his hands and feet, it is 
the palm and the inside., of the fingers or the flat of the foot 
and insides of the toes tha. press on the ground and give the 
impulses to drive him forward. 
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THE BRAKE 

I N order to bring the parts and devices of his body con- 
cerned with progression into their correct positions with 
reference to their mechanical counterparts, tlie motorist 
must sit in the driver’s seat. If, for example, he sits in the 
back seat, his mechanisms will not be able to relate and fit 
themselves conveniently to the parts and devices of tlie en- 
gine and locomotive mechanisms, as he will soon discover. 
Various parts and devices of the motor car have been given 
extensions, so that they can conveniently be connected and 
correlated to his mechanisms when ho sits in the driver’s seat. 
Devices of the throat of the carburettor, for example, arc 
given extensions by means of the throttle and choke wires 
running to the dashboard, and the driver can conveniently 
enlarge or restrict the breathing tubes of the engine while 
sitting in the driver’s seat. His eyes are given extensions by 
means of the head lamps, and he can operate them by means 
of wires from the dashboard. And so on. 

The driver brakes himself and the mechanical extensions of 
his body by putting his foot on the ground and pressing the 
sole of his foot against the direction of motion. He does not 
do this directly, but indirectly, his log and foot and sole being 
given mechanical extensions by means of the brake mechan- 
isms. 

We will now try and see how a driver stops a vehicle when 
he applies the brake. The brake of a horse drawn vehicle 
is worked by the driver grasping the handle of a long lever 
and pulling it towards him. The action of the hand is re- 
versed at the lower end of the lever (Rule 11), as a result of 
the lever being hinged or provided with a fulcrum; and the 
lower end of the lever is therefore pushed forward. This 
action is then transmitted to the md of a rod or cable fast- 
ened to the lower end of the lever (Rule 7); and is 
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transferred to the end of (lie rod or cable (Rule 8). It is then 
transferred to the end of another and shorter lever to which 
the rod or cable is jointed (Rule 7). This lower end of the 
shorter lever moves forward, and reproduces the action of 
the lower end of the brake lever, and the action of tlie 
driver’s hand is reproduced but reversed. The action of the 
driver’s hand is again reversed at the upper end of the shorter 
lever; and is transferred to a brake shoe or slipper and 
applied to the rim of the wheel (Rule 7). This action causes 
friction between the brake shoe or slipper and wheel at right 
angles to the spokes (Rule 10). This frictional action is 
transmitted along one of the spokes to the hub (Rule 8), 
from the hub to the lowest spoke, and from the spoke to the 
felloe, and this causes the frictional action to be reproduced 
on the ground. In effect therefore the driver when pulling 
the brake lever scrapes his hand on the ground, and brings 
the vehicle to rest. As he does not directly scrape his hand 
on the ground but does so only indirectly by means of 
mechanical extensions of his hand, his hand suffers no in- 
jury. 

Sometimes a person brakes himself by scraping his hands 
on the ground, as for example when he sits on a grassy slope 
and slides down it But it is not the usual practice to use 
the hands, or fore limbs, and normally the brake is formed 
by the feet, or hind limbs. If a person running down a hill 
wants to slow himself down, he applies the brake by pushing 
the sole of his forward foot down the hill so that friction acts 
up the hill and checks his motion. If the slope is steep and 
slippery, he may keep his feet stationary, and use the soles 
of his’ feet or shoes as brake skids as he goes down the hill. 

Drag shoes or slippers are often used to convert waggons 
and other vehicles temporarily into sledges as they go down 
bills. The drag shoe or slipper is a metal plate with sides, 
somewhat resembling a slippra:, on to which the wheel is 
rolled. When the wheel is on it. a chain keeps the device 
under the wheel, and the wheel becomes looked. The spokes, 
or mechanical legs, do not then revolve but remain station- 
ary, much as the legs of a person remain stationary as he 
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slides or skids down a hill. The wheel instead of being 
placed on a slipper may be locked merely with a chain or 
hook, and then skids on the part of the rim or felloe in con- 
tact with the ground. This however wears the rim, and the 
use of a drag shoe or slipper, which can be replaced when 
(worn, is preferable. The drag shoe or slipper corresponds 
to the shoe of a person or animal; and the contrivance of llie 
spoke on a drag shoo or slipper, or on a locked felloe, corre- 
sponds to the contrivance formed by a locked leg. or leg 
held stiff without being moved, when a creature skids or 
slides on a surface to brake himself. 

A type of brake fitted, until recently, to a bicycle consisted 
of a rubber shoe which scraped on the top of the front wheel 
tyre. This brake was applied by means of a lever on the 
handle bar. Boy cyclists were fond of stopping themselves 
by means of a similar contrivance which they formed by 
putting the sole of one of their shoes on top of the tyre of 
the front wheel. The mechanical and human contrivances 
were similar in principle and actions: and the prototype of 
the mechanical contrivance was that formed by the leg and 
shoe, and its human prototype that formed by the leg and 
solo of the foot. 

Nowadays some of the brakes of the motor car arc con- 
nected to the sole of the driver’s foot, although a hand brake 
is also used. The sole of the driver’s .foot is given mechani- 
cal extensions by means of the sole of the brake pedal and 
shoes of the brakes, the shoe of a brake as its name discloses 
being a mechanical extension of the shoe of the driver. The 
driver’s leg is given mechanical extensions by means of the 
various levers and rods which transmit and transfer the 
braking actions of his foot and leg to the shoes of the brake 
drums and then to the ground. The driver therefore by 
pressing with the sole of bis shoe on the brake pedal really 
presses on the insides of the brake drums with his shoe, his 
shoe being ^ven mechanical extensions to allow him to do 
this conveniently. 

It is interesting to notice that the cyclist still stops himself 
with his bands and not with his feet, for the front and back 
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wlu'ol Itfiikcs are (»pcra(cd by hand levers. Some bicycles 
Jiowever have a back-pedalling brake operated by the foot 
prc.ssing on the pedal. 

A study of the brake mcclianisms helps to show the ways 
in winch many other of the nicchanisnis of tlic motor car. 
like the accelerator and clutch mechanisms, arc correlated 
and connected to coi responding mechanisms of the body; and 
the reader will have lilllo dilliculty in working out the details 
of these other mechanisms and their actions. 

Some of the muscles of the driver’s body are given mech- 
anical extensions by means of the springs of the gear levers, 
brake levers, and other pacts. For example, the muscles of 
the leg are given mechanical extensions by means of the 
strong springs which push up the brake pedal against the 
foot; and the driver can feel the springs working with the 
muscles of his leg as he works the brake pedal. Similarly 
he can feel the muscles ol the accelerator pedal or clutch 
)7/ork with those of his leg, the actions of the mechanical 
muscles being similar to those of the leg, the mechanical 
muscles tightening or slttckuning us the muscles of the leg 
tighten or .slacken. The author has not .studied in detail the 
ways in which the muscles of the leg work with the artificial 
muscles formed by the spruigs; and there is evidently an im- 
portant lieUl of research, whose exploration will probably 
not bo diirioult, open to any reader who will undertake this 
study. 

The driver sits with hia face to the front. The passengers 
in the ordinary motor car do the same. But sometimes in 
motor vehicles passengers’ seats are placed facing away from 
the direction of motion or at right angles to it. It can be 
noticed that passengers always sit either facing or opposite 
to the direction of motion, or at right an^es to it. This is 
true whether the conveyance is a motor car. railway carriage, 
bicydo, rickshaw, jaunting car, sedan chair, or any other 
type of conveyance. It seems that passengers* seats can be 
turned only through a right angle to the direction of motion, 
or through two right angles (Rules 10 & U); and that car- 
riage seats cannot be placed obliquely to the direction of 
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motion. The Rule that contrivances can only be turned 
through a right angle or be reversed could not be proved 
incoixect by making a vehicle with seals obliquely to the 
direction of motion. Such a vehicle could easily be made; 
but it would be an invention, and therefore would not be 
widely used, and would soon fall into disuse. 



CUAPICR 63 


THE HORSE 

F or centuries, perhaps for tliousancls of years, man has 
made use of the power machinery of the horse, usin g 
it as an extension of his own power machinery, it is 
a remarkable fact that the power machinery of the horse can 
be correlated to that of man, so that it can act as a mechani- 
cal extension of it. In order that this can be done, certain 
conditions must be fultilled. The man, for example, must 
sit in the correct position on the horse’s back and manipulate 
his own mechanisms in time with those of the horse, as 
when he rises in the stirrups as the horse trots; or if he 
wishes the horse to pull him along, must provide some mech- 
anical extensions like wheels, shafts and traces, and correctly 
relate himself to these mechanical devices. 

When connected correctly together, the engine and loco- 
motive conU‘ivauce.s of tlte horse and of man form a single 
machine. This was clearly seen by the Peruvians when the 
Spaniards llrsi arrived in their country. Seeing a horseman 
lor die lirst time, they wore mentally prepared to receive this 
idea; but the Spaniards through their familiarity with the 
sight ol a horse and man at one time forming a single mach- 
ine and at otlier times forming two separate and complete 
machines were unable to understand that the mechanisms of 
a horse and its rider form a slni^e machine. On one occasion, 
during a battle against the Spaniards, the Peruvians were 
paralyzed through seeing the single machine divide into two 
machines, “ An accident happened to one of the cavaliers. 
This was a fail from his horse, which so astonished the bar- 
barians, who were not prepared for this division of what 
seemed one and the same being into two, that, filled with 
consternation, they feli back, and left a way open for the 
Christians to regain their vessels*” ‘ No doubt if a scientist 

iW, H. Prescott, History of the Conquest of Peru, ch. m. 
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had never seen a horseman, and saw the sudden separation 
of the machine, as the rider dismounted, into two separate 
and complete machhies, he would proceed to try and study 
the phenomenon. As he has been brought up to see it 
happen, he never thinks the phenomenon is worth studying. 

It did cause considerable astonishment to civilized people 
however when it was discovered that the power machinery 
of the horse could be replaced by a mechanical machine; and 
imtil people saw it done they refused to believe it possible. 
But the internal combustion engine or steam engine is a very 
crude copy of the engine of a horse’s body; and a mechanical 
engine can serve only some of the purposes of a horse’s 
engine, but can serve a few of its purposes to greater advan- 
tage. The mechanical copy can be distorted in size so that 
the human engine can have a much more powerful exten- 
sion. When using the horse’s engine, all its other machines 
necessarily must be present; and these other machines are of 
no direct use to the rider or driver, although perhaps the 
optical machinery of the horse provides the rider or driver 
with useful extensions of his own and saves him the trouble 
of continually guiding the combined machine. When a 
mechanical engine is used, only one machine is used; and 
the auditory, scent, growth, self repair, reproductive, and 
other machines which a horse possesses need not be carried 
along also. The problems of combining the mechanical en- 
gine with locomotive mechanisms, were already partly solved; 
because the horse’s legs and other locomotive parts had been 
partly mechanized and given extensions by means of wheels, 
shafts, traces, and other parts of the carriage and harness; 
and it merely remained to adapt the mechanical extensions 
to fit the mechanical engine. At first this gave some trouble; 
and the first motor cars and railway coaches were littie differ- 
ent from horse carriages, and often were carriages that had 
been drawn by horses. At first passengers in trains rode in 
ordinary horse carriages placed on trucks. Even today the 
motor car body and railway carriage resemble horse drawn 
carriages in many respects, notably in such things as door 
handles, window frames, window straps, positions and 
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shapes ot scats, springs, and wheels. Tlic reader can be 
reminded that there is never any break in development of 
anything; and the motor car body and railway coach have 
been developed only gradually from horse drawn vehicles. 
There was no break in development when the mechanical 
engine replaced the horse’s engme; and the displacement of 
the horse was a gradual business and proceeded almost im- 
perceptibly. 

The process of replacing the horse’s engine by the mech- 
anical engine began with the first making of the engine’s 
parts. The man who first raised water from a well with a 
bucket or other contrivance made the first piston, gudgeon 
pin. and connecting rod. The man who first heated water in 
a pot made the first mechanical water circulatory device; and 
when he boiled the water or threw fat into the fire made the 
first water vapour or gas vapour contrivance. The man who 
fanned the embers of a fire with his breath was the originator 
of all forced draught contrivances for furnaces. The man 
who first fanned himself with a leaf was the origmator of all 
modern air cooling and artificial respiratory devices. The 
man who first spill grease or fat on the ground and slipped 
on it, was the originator of all modern oiling systems. And 
so on. For long the elementary mechanical contrivances 
were separate. As they were developed into the pump, 
kettle, bellows, and oil can, the parts of the steam engine and 
internal combustion engine became more ready for assembly 
and integration. 

It is possible that most of the parts of the internal com- 
bustion engine, in undeveloped forms, were in use before man 
used the engine of the horse. The use of the horse’s engine 
may have been merely a temporary expedient, useful while 
the parts of the mechanical engine were developing. 

It might be thought that the mechanical engine in some 
ways is better than or superior to the engine of a creature, 
because for example a motor car or an aeroplane can travel 
faster than any creature. But nature is not interested in 
speed as an end in itself. No doubt she could have given 
her creatures great speeds, if her plans had required it. But 

42 
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there would be no object say in giving a caterpillar or a 
mouse speeds of hundreds or thousands of miles an hour; 
and all creatures have been given powers of locomotion 
exactly suited Ip thpir habits of life. When mechanical 
machines have been developed as much as possible for speed, 
ways of developing new powers of the machines will be dis- 
covered, and will cause speed to become of less importance, 
and probably the speeds of mechanical vehicles of the future 
wJl correspond more closely to the speeds of creatures. 
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THIi FRAME OF THE MOTOR CAR 

F eatures o£ the frame of a vertebrate animal, or 
unimal with a backbone, are reproduced both by the 
horse carriage and the motor car chassis. The mech- 
anical frame reproduces particularly the frame of the horse; 
but also reproduces features of the frame of the human body. 

Features of the frame of a horse are reproduced differently 
by different types of horse drawn vehicles. As has been ex- 
plained, the poles of a travois or Irish slide car reproduce 
especially the hind legs of the horse. But the two poles, 
since they bear the weight of the load that would otherwise 
be borne on the back of the horse, also correspond to and 
reproduce tlie backbone of the horse. The two girders, or 
runners, of a horse drawn sledge, similarly reproduce simul- 
taneously the logs and the backbone of the horse. The cross 
bars or lloor boards roproduco the ribs of the horse, in very 
crude mechanical forms of course. 

But the backbone runs down the middle of the frame of 
an animal: and tUoreforo two aide girders or runners or poles 
cannot satisfactorily reproduce the backbone. On some horse 
carriages the girders are dispensed with, and instead a single 
long pole or rod down the middle connects the front and 
back axles, and represents the backbone. This pole is called 
the perch, and, according to coachbuilders, “acts as the 
backbone of a carriage.”* 

The backbone or perch of the horse carriage is represented 
in the motor car mainly by the power shaft from the clutch 
to the gear box. the ptopellor shaft, and the crank-shaft; and 
this backbone reproduces certain features of the vertebrae 
by means of the cogs of the gear wheels, the processes of the 
mechanical backbone being crowded together at the gear 
box. But the two runners or poles found on a travois or 

*'John Philipson, M.InstM.B., CoaohbuUding. 
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sledge arc also foiuid in the frame of a inolor car UvS the 
side girders; and in the process of replacing the engine of the 
horse with the mechanical engine, the frame of the motor cai 
has reverted to possess features of priiiiillvo coutrivunces like 
the travois and sledge. 

The front axle of the motor car with the track rod repro- 
duces the shoulder girdle, or pectoral girdle, of the horse; 
and the front wheels reproduce the wheels of the horse’s 
front legs. The back axle reproduces the pelvic girdle; and 
the back wheels reproduce the wheels of the horse’s back 
legs. These facts can be known, because of the posltious of 
the axles and wheels. The author, however, has not made 
a sufficient study of vehicles to know to which bones the 
various parts of the axles, steering rods, etc., correspond; 
and the solution of these problems must be left to his 
readers. But it is certain that each part of the frame of a 
vehicle corresponds to and reproduces, although pci'haps in 
a very crude and rudimentary way, some part or device of 
the frame of an animal; and that the frame itself is a mech- 
anical embryo of the frame of an animal. 

The front axle of a motor car is fixed to the frame; but 
usually the front axle of a four wheeled carriage is not rigidly 
fixed to the frame of the carriage, but is binged and turns 
with the shafts. Certain devices which allow turning move- 
ments of a carriage arc. it seems, transferred in the motor 
car to the back axle. For example, the differential gear in a 
horse vehicle is on its front axle, but in a motor car on its 
back axle; and in the motor car “ the differential gear acts 
on the principle of the action of the pair-horse whipplelree 
and equalising bar, the gear acting continuously in a rotat- 
ing circle whfle the whippletrees act only through a small 
range rectilinearly.” ® 

The frame of the motor car besides reproducing features 
of the frame of a horse, also reproduces features of the frame 
of the driver. Mechanisms of the driver’s frame are given 
extensions by such contrivances as the steering column and 
rods. This must be so, or the driver could not steer the 


* The Badminton Library, Motors and Motor Drivins. 
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umtor car. The body of the vehtde also reproduces features 
of the bodies of the horse and of the driver and passengers. 
Tlie scats, for example, since they (it the driver and passen- 
gers, obviously are extensions of human parts. The vehicle 
therefore it .seem.s is a sort of conipromise, and has to form 
sinmUaneously meclianical extensions of the frames and 
bodies of the horse and of the driver and passengers. 

To discover the hiinian prototypes of the seats is not diffi- 
cult. for the seats arc types of chairs or armchairs. The human 
prototypes of many of the parts of a chair can at once be 
known from nomenclature. The back of a chair corresponds 
to the back of a person; and its seat corresponds to the seat 
of a person. The legs of the chair correspond to the legs of 
a person; and its arms correspond to the person’s arms. The 
human prototypes of the parts of a chair can also be known 
at once from juxtapositions of human and mechanical parts. 
Thus, when a person sits on a chair, his back is against the 
back of the chair, revealing that tlio back of the chair forms 
a mcchunicnl extension for the back of the person, support- 
ing it and relieving i( of some of its tasks, like that of the 
need for holding the trunk orcct. The scat of the person is 
given an oxten.sion by moans of the seal of the chair, and 
mechanical and human contrivances arc ia contact, and 
since they are in contact the mechanical contrivance must be 
derived from and mu.st be an extension of the human con- 
trivance (Rules 1 , 3. and 7). When a person sits upright in 
an armless chair, the top of the back of the chair usually 
reaches about to his shoulders. If his arms are left unsup- 
ported. they will hang down, and the back legs of the chair 
will form prolongations of his arms or upper limbs. The 
lower parts of his legs will be alongside and parallel to the 
front legs of the chair. It seems therefore, curiously, that 
the front legs of a chair correspond to the legs of a person, 
and the back legs correspond to the person’s arms; that is. 
the front legs of the chair correspond to his hind limbs or 
legs, and the back legs of the chair correspond to his front 
limbs or arms. 

"When several persons sit on a form, Say one made from a 
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long board or plank and having four legs, two at each end. 
all their seats are given mechanical or artificial extensions by 
means of the board or plank, and all their legs mechanical 
or artificial extensions by means of the four legs of the form. 
The legs of the persons are not separately mechanized, and 
the four legs of the form have to serve as extensions of the 
legs of all the persons, and the legs of the form can be 
regarded as the mechanical extensions of all the human legs 
fused into four strong and thick mechanical legs. An ordin- 
ary board or plank, however, does not serve very well as an 
artificial extension of the seats of the persons, as it does not 
conform to their shapes. Better correspondence of human 
and artificial contrivances is obtained when the seat of the 
form is curved or shaped, or when cushions are placed on it. 
for the cushions easily conform to the shapes both of the 
board and the human seats. Greater comfort can also be 
obtained by providing the form with a back to support the 
human backs and relieve the persons of the need for holding 
their backs erect. 

When a person sits correctly in an armchair, his forearms 
rest on tho arms of the chair; and this reveals that the arms 
of the chair are mechanical extensions of human arms. This 
fact is also evident from nomenclature, the arms of the chair 
being named after the human arms. When in the chair the 
seat and arms of a person are horizontal, approximately; the 
back and legs and upper arms are vertical; and the directions 
of the human parts therefore correspond to those of their 
mechanical counterparts. 

Most of the organs and parts of the skeleton of the motor 
car are in positions which correspond fairly well with the 
positions of similar organs and parts of the skeleton in a 
creature. The fore limbs of the motor car, represented by 
the spokes of the front whed, are at the ends of the Moulder 
girdle, represented by the front axle; and the back limbs 
similarly are at file ends of the pelvic girdle. The backbone, 
represented by the transmission shaft, proceeds from the 
middle of the pelvic girdle, or back axle, towards the middle 
of the shouldm- girdle, or front axle; and part of the 
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backlx)iK' is proljahly leproseittcd by the crank-shaft, the 
triULsmission shaft being an extension of the crank-shaft. The 
engine in early typos of the motor car was usually behind the 
front axle; but min'e recently the axle has tended to come 
more under the engine, and the nostrils and mouth, repre- 
sented by the openings of the carburettor, are sometimes in 
front of the shoulder girdle, as in a creature. The mechani- 
cal heart and stomach may be situated with respect to the 
front wheels and axle much as the head and stomach of an 
animal arc situated with respect to its fore limbs and shoul- 
der girdle. But since the engine is mainly above the line of 
the transmission .shaft, that is above the line of the mechani- 
cal backbone, the heart and stomach of the motor car, at 
present, are above the backbone and not below it as in an 
animal. 

The wheels of the motor car are coupled to the engine, and 
the power of the engine is directly transmitted to the wheels, 
by way of various mechanisms like gears and cranks. Bui 
the human engine, it seems, is not directly coupled to the 
locomotive machinery, and the human wheels, formed by the 
legs and feel, are driven only indirectly from power genor- 
alod by Uie engine of the body. In this respect the human 
body can be compared, say. to a submarine whose engines 
are not directly coupled to Iho propellors, but charge electric 
batteries from which power is obtained to drive the propel- 
lers, The human body probably has power storing contriv- 
ances which are copied by such conirivances as dectric 
storage batteries. It can be noticed that when a person is 
active the heart works harder than when he is at rest, prob- 
ably because then the storage contrivances are releasing 
power more rapidly and need recharging at a greater rate. 
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LINKS 

T he gun. we have seen, has been assembled from 
weapons like the club, spear, sling, and bow and 
arrow; the internal combustion engine from contriv- 
ances like the bucket and windlass, the oil can, and the water 
pot above a fire. But the gun has not been made merely by 
placing the various earlier weapons together, but has been 
made by combining them. The internal combustion engine 
has not been made merely by placing the various earlier 
contrivances together, but has been made by combining 
them. Different contrivances are combined by means of 
links. Before two mechanical contrivances can be combined 
their link must be found. A study of links is essential to an 
understanding of the ways in which mechanical contrivances 
develop; but a full study cannot be made in this work. A few 
remarks however will be made, to indicate the nature and 
some of the characteristics ot a link. 

A study of the fountain pen or of the typewriter soon 
shows how different mechanical contrivances become com- 
bined, and gives much information about the nature of a link, 
The self filling fountain pen is a contrivance in which an 
ordinary pen, an inkwell, and a filling device are combined. 
The penholder, or shaft of the pen, is hollowed out for use 
as a reservoir for the ink. and the inkwell is placed in the 
penholder. Before the self filling device was used, a separ- 
ate filler had to be used. This consisted of a glass tube and 
a rubber bulb; and to fill the pen its end had to be un- 
screwed to receive the ink. It was later found possible to 
combine the filler with the pen and inkwell, by placing the 
fillet inside the penholder or barrel of the pen, the filler of 
course being modified in form and materials to allow this to 
be done. It now usually consists of a rubber tube inside the 
barrd of the pen, and instead of squeezing the rubber bulb 
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with Ihc fingers directly, the rubber bulb or lube is squeezed 
indirectly by means of the little lever placed at the side of 
the barrel of the pen. The cumbersome inkwell, the separate 
filler, and the ordinary pen, have now been combined in one 
contrivance; and the contrivance takes up little more room 
than an ordinary pen. 

The inkwell could not be combined with the pen until 
means had been found of regulating the flow of ink from the 
inkwell to the nib. This regulation is effected when an 
ordinary pen and a separate inkwell are used by the writer 
dipping the nib in the ink when the nib begins to tun dry, 
the ink being thus made to run more or less evenly from the 
inkwell to the nib and thence to the paper. In the fountain 
pen a small device called the feed bar, projects along the nib 
from the barrel and allows the ink to be fed from the barrel 
as needed, the device being operated by the pressure of the 
nib on the paper. The feed bar is the link which allows the 
inkwell to be combined with the pen. The small lever in the 
side of the barrel is the link which allows the self filler and 
inkwell to bo combined. 

The author has not made a study of writing implements: 
but it is easy to sec that the human prototype of the nib is a 
finger nail. When using an ordinary pen, the forefinger is 
placed on the holder near the upper or broad end of the nib; 
and the nib acts as a mechanical extension of the nail. The 
nail, since it is not near the point of the nib but is at its upper 
end, is in a transferred position, being transferred from the 
paper to the upper end of the nib (Rule 8). All movements 
of the nib and nail are similar, the finger nail and the nib 
even going to and from the inkwell together when the nib is 
being replenished with ink. The pressure of the nib on the 
paper depends on and is proportional to the pressure of the 
fingers; atid it is really the fingers which press on the paper, 
indirectly of course through the agency of the nib (Rules 4 
and 5). The nib by itself of course cannot press on the paper 
or perform any writing actions. The flow of ink to the paper 
is therefore regulated by the pressure of the fingers on the 
upper end of the nib. 
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The finger nail is not placed directly on the nib or pen- 
holder. for the part of the finger underlying the nail is 
between the nail and the nib or penholder. This device, 
formed by the part of the finger under the nail, corresponds 
to and is the human prototype of the feed bar of a fountain 
pen. As a person writes with an ordinary pen the human 
feed bar moves slightly and continually with respect to the 
nail, in much the same way as the mechanical feed bar of a 
fountain pen moves slightly and continually with respect to 
the nib. When a person writes with a fountain pen, the 
human feed bar and the mechanical feed bar work together 
and perform similar actions. These actions can easily be 
seen as a person writes. The feed bar of the fountain pen 
machine is therefore in two main parts, a human part being 
formed by the part of the finger under the nail and a mech- 
anical part being formed by the part of the finger of the 
fountain pen under its nail, or nib. 

By means of the nib of a quill or ordinary pen or fountain 
pen the human nail is released from the task of making con- 
tact with the paper and from the need for being dipped in 
the ink. The nail however is occasionally used as the nib. 
Dr. G. M, Humphry writes thus of the method of using the 
nail as a nib j— “The Dervishes in some parts of Asia allow 
the thumb-nail to grow long, and then pare it to a point, so 
as to be able to write with it. Dr. Wolff, the Eastern travel- 
ler, has told me he has repeatedly semi this done, and that 
he has in his possession manuscripts written in this 
way.” ‘ 

The finger is given several mechanical extensions by means 
of the -levers of a typewrto key; and the finger makes con- 
tact with the paper only indirectly by means of the key and 
its levers and the type bar. Ty^writers formerly had two 
keyboards, one for small letters and one for capital letters. 
Bnt the link of the shift key was discovered; and the discov- 
ery allowed the capital and the small letter to be placed on 
the same type bar. With the shift key, one keyboard only is 
now needed to print capital aud smsdl letters. 

tThe Human Paot and the Human Hand. 
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A typewriter with two keyboards consists of two contriV" 
ances placed together without being combined. When a 
shift key is used, the two contrivances are combined, with a 
saving of space and parts. One entire keyboard with its 
coniplicated parts is dispensed with; and the combined 
machine occupies little or no more space than either a 
machine for printing capitals or one for printing small letters 
would do by itself. 

It is necessary to distinguish between machines made by 
combining contrivances and those made by adding or placing 
contrivances together. When contrivances are added, there 
is an increased complication of parts and devices. When 
contrivances are combined, there is a saving of parts and 
space and a simplification and greater ease in operation. 
Thus, the typewriter with a shift key has fewer parts than 
one with a double set of ke3is; and it is more easily operated, 
for the typist’s hands can remain almost stationary, and touch 
typing is easier. Two contrivances added together are how- 
ever more impressive than when combined. Thus a type- 
writer with a double keyboard is likely to impress people’s 
minds with a sense of its maker’s cleverness much more than 
the belter and simpler typewriter with a single keyboard. 

Many other links can be seen on typewriters. It is desir- 
able when typewriting to be able to draw lines. A separate 
contrivance could be added to the machine to allow this to 
be done; but it has been seen that by using the dash sign 
continuously lines can be drawn without the need for a 
separate line drawing contrivance, and so one key can serve 
two purposes. The dash key is a combined device, for it can 
be used for drawing a line or for printing a dash sign. The 
link is formed by making the dash sign just long enough, so 
that when the next dash is printed it links up with the previ- 
ous one and a continuous line is made. 

Again, it is useful to be able to print rows of dots; but 
additional mechanisms can be made unnecessary by repeating 
die full stop sign. The full stop key is therefore a combined 
device, because it can be used for printing a full stop and it 
‘ can also be used for printing a row of dots. 
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The small letter 1 and the capital letter O can be used to 
print the numbers one and nought respectively; and two keys 
can be saved. These two letters are therefore combined 
devices. The links are formed by making the numbers and 
the letters in such a way that the number or letter can be 
used without distinction, and so that it is impossible to see 
whether a letter or a number is printed. 

Two contrivances are sometimes combined in such a way 
tltat their link is lost to sight The link, for example, between 
the device on a typewriter that prints a full stop and the 
device that prints a row of dots is lost to sight. It is therefore 
often difficult when contrivances are combined to realize 
that there is more than one contrivance. A person begin- 
ning to use a typewriter, for example, imagines some parts 
are missing. He searches in vain for devices for drawing a 
line, for making a row of dots, for printing the figures one 
and nought, and so on, The devices are all on the type- 
writer, but combining devices and parts has made them at 
first difficult to discover. An uninstrucled person similarly 
might fail when looking at a bow and arrow to see a club or 
spear or sling in it. But as has been shown, these weapons 
are all combined in the bow and arrow. 

A link has essential features of the two contrivances it 
unites or combines. This can. be seen by studying for ex- 
ample a window pane or a floor of a lift A window pane 
forms the link between the inside of a room and the outside 
world. The walls separate the inmates of a room from the 
outside world; but the window pane unites them to it It can 
form a link because it has certain essential features or prop- 
perties both of the walls and of the outside air. Like the w^l 
it is rigid, excludes the air, resists the passage of noise, and 
BO on. It has also the essential feature of the air of trans- 
parency, allowing the people inside the room to see through 
the parts of the wall formed by the window pane, and so to 
unite themselves to the world outside. The window pane also 
forms a link between the light outside and the li^t within 
the room. 

The floor of a lift can, at the operator’s will, form part of' 
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imy door ol (he building; and so if the passenger stands on 
it he can be transfcrreil froni any lloor to any other (Cp 
Rule 8). 

A wheel foi nis the link between the ground and the carri- 
age!! To torm the link some part of the wheel must be 
stationary because the ground is stationary, and some part 
must move at the same rate as the carriage whatever its 
velocity. By elementary mechanics, the part o£ the wheel in 
contact with tlic ground is momentarily at rest and does not 
move forwards or backwards. The axle moves always at the 
same rate as the carriage. The wheel therefore can act 
as a link between the stationary ground and the moving body 
of the carriage. 

A bridge is the Imk between two banks; for at each end it 
becomes part of the land at that end. It can act as a link 
also between a road or railway system on one side of a river 
and a road or railway system on the other side. After the 
bridge is made the two systems become one; and if two rail- 
way systems ace linked a common time table becomes pos- 
sible and necessary. 

Sumo other links will be pointed out. The reader will bo 
able to SCO tJuit the link always partakes of iho natures of 
the two contrivunccs it unites, and that its use results in a 
saving of parts and space and gives other advantages. 

A canal cun link a sea and a river; and can partake of the 
natures of the sea and of the river. At one end of the canal 
the water ks fresh, and at the other end salty. A lock of a 
canal links canals at diflcrent levels; and before this link was 
discovered it was not possible to combine waterways of 
different levels. Ball and roller bearings form links between 
two surfaces, and allow them to be combined, and actions 
between them to be transmitted at right an^es to each other. 
A film of oil links two surfaces somewhat similarly. The 
bolt of a pair of scissors allows two knives to be combined. 
The bucket of a water wheel links the water and the wheel, 
and moves at the same rate as the water and as the circum- 
ference of the wheel. It becomes part of the running water 
' system since it holds part of the running water, and is part 
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of the wheel. The rod of a door hioge is the link which 
enables a door to form a closed or open room. Mortar or 
cement is the link, which mutes bricks or stones, and partakes 
of the natures of both surfaces simultaneously. A pulley or 
lever can act as a link between forces acting in different 
directions. A chimney forms a link between the fire and the 
atmosphere. At its lower end the bricks become as hot as 
the fire, at the top end the vent leads the gases into the atmos' 
phere. The hole in the bottom of a flower pot is the link 
between the plant and the earth. The pendulum of a clock 
acts as a link between time and length. The column of 
mercury in a barometer is a link between pressure and 
length. A letter forms a mechanical link between the thoughts 
of the writer and the receiver of the letter. A telephone wire 
is the link between the ear and speech mechanisms at one end 
and similar mechanisms at the other. The link of a chain, 
as its name shows, links different parts of the chain. The 
reader will quickly see a thousand and one other links. 

To discover the link between two contrivances is a matter 
of much importance, and when the link has been discovered 
development of the machine formed from the two contriv- 
ances is rapid for a time. No link can be discovered until 
the two contrivances have been developed separately to the 
limits possible. The discovery of the link is then inevitable. 

Nature uses links. The stalk is the link which unites the 
leaf or flower or fruit to the branch. At one end the stalk 
becomes part of the leaf or flower or fruit, and at the other it 
becomes part of the branch. The ball joint acts as a link 
between two limbs. Synovial fluid forms the link to join the 
two surfaces of a ball joint. And so on. 

A few examples of contrivances which are merely added 
will now be given, to illustrate essential differences between 
combined and added contrivances. 

The tool bag on a bicycle b added to the bicycle, but is 
not combined with its mediauisms, and is merely suspended 
from the saddle. The oil can placed in a hole in the butt 
of an army rifle is not combined with its mechanisms, and is 
merely added to the rifle. The strap or chain of a watch is 
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not part of the watch’s mechanisms, and is merely added to 
the watch, A gun placed on a railway truck or motor lorry 
is not combined with the locomotive devices formed by the 
wheels of the truck, and is merely added to the truck or lorry. 
A mechanical man, or robot, usually consists of a number of 
added contrivances which are not combined. And so on. 

Mechanical and human parts of an oh'ensive mnehinfi are 
combined when a weapon is being wielded. The links 
between human and mechanical parts are however difficult to 
discover, because so many devices are formed where they 
join. When, for example, the hands dose round the shaft 
of a thrusting spear, they form a barrel, clasps, devating and 
depressing devices, directional devices, sights, and very many 
other devices; and it is difficult to discover the link between 
any particular mechanical and human part. But when human 
links become mechanized and externalized they can be seen 
and studied. Thus, for example, the link which allows the 
lower arm to move relativdy to the upper arm is formed by 
the elbow joint. This joint or link is partly mechanized and 
externalized in. say, the joint where the handle and thong of 
a war Hail meet, and this mechanical joint can be studied. 

When a rider is astride his bicycle, his locomotive mechan- 
isms and balancing mechanisms are combined with those of 
the bicycle, and are not merely added to them. The mechan- 
isms of the internal combustion engine have been fairly wdl 
combined with locomotive contrivances; and in a motor car 
ithe engine is combined with the wheels by such Unks as 
levers, ball joints, chains, chain wheels, and gear wheels. 
But ofiensive mechanisms have not yet been combined with 
much success with engine or locomotive contrivances. But 
attempts have been made to combine them. A gun placed 
in or on a tank is usually merely added to the tank and not 
combined with its engine or wheels. But possibly when say 
the gun of a tank is controlled by gyroscopic or other devices 
so that it always points at the target however the tank moves, 
some mechanisms of the gun are then combined witii those 
of the tank. The offensive mechanisms of a creature of course 
are perfectly combined with its cmgine, locomotive, sight. 
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hearing, scent, growth, and all other mechanisms. Probably, 
in time, the different types of mechanical machines will ail 
be combined: and one day there may be a mechanical creat- 
ure possessed of reproductive, offensive, engine, locomotive, 
'optical, vocal, scent, auditory, and many other contrivances, 
all working in harmony. 

But the mechanisms of such a creature will still be corre- 
lated to mechanisms of the body, and the creature will still 
not be capable of actions independently of the body. Its 
sympathetic mechanisms will perhaps appear to give it an 
independent existence; but no mechanical creature will 
become possessed of life properties independently of the 
human body. But development of machines probably will 
proceed, in the very distant future, so far that a creature may 
be produced that will seem to be independent of the body; 
and one day no doubt machines will behave somewhat like 
birds or other creatures, which seem to be independent of 
the mechanisms of the human body. 



Chapter 66 


GENERAL REMARKS 

I T has been pointed out that a mechanical weapon 
becomes an integral part of the offensive machine when 
it is fitted to the body, and enters into organic relation- 
ships with the offensive machinery. A study of weapons 
shows that when a mechanical contrivance is being operated 
by the body, its parts work with their human counterparts, 
and perform actions for them. A part of the machine is not 
then formed by the human part or by the mechanical part, 
but by the human and mechanical parts together, and the 
human and mechanical parts form an organic unity. 

The process of developing weapons may be described as a 
process of reproducing more parts and devices of the human 
offensive machinery in mechanical forms. At first, one or 
two parts only of the human offensive machinery are repro- 
duced. and those very crudely. Gradually, more parts are 
reproduced, and some already reproduced are made less 
crudely. Very simple copies of a few parts of the human 
machinery in time give place to better copies and to copies 
of more parts. Similarly the process of developing any edass 
of mechanical contrivances may be described as a process of 
reproducing more parts and devices of some machine of the 
body 

When parts of a machine of the body are mechanized and 
made to exist outside the body, they reproduce the arrange- 
ments, materials, actions, and other features of their human 
counterparts very imperfectly; but nevertheless the external 
parts of the machine are organized as their human counter- 
parts are organized, and when being used become integral 
parts of the machine of the body and enter into organic rela- 
tionships with it. As the process of mechanization continues, 
the organization of the external parts corresponds more 
closely with that of their human counterparts. Since 
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correspondence of organization, materials, and actions, is 
brought nearer as mechanization proceeds, gradually 
machines will come to possess features and properties we 
associate with organic life. Therefore by making weapons or 
other mechanical instruments or machines man organizes 
materials to possess the property of life. Since the property 
of life is not given at any definite stage of development, it 
must be possessed by the most elementary mechanical con- 
trivance, when it is being operated by the body; and the 
degree of life possessed by a mechanical contrivance is thus 
proportional to the degree of development of the contrivance. 

When the mechanical contrivance is not being operated by 
the body it does not possess any life. It must however be 
remembered that a mechanical contrivance, the internal com- 
bustion engine for example, can be operated by the body 
when the body is far away from it. But a simple mechanic^ 
contrivance like a dub, which has no mechanical nerves, has 
no life when not being wielded. It is then merely a piece of 
material, and has neither use nor meaning. 

It is not known how long a time has elapsed since man 
first made a mechanical contrivance; and it is only recently 
that mechanical contrivances have developed so much that 
it is no longer possible to fail to see that machines of the 
body are being reproduced by them. But even in the most 
complex and developed weapons or other machines of the 
present day the organization of life is very poor. The inter- 
nal combustion engine, for example, although it can easily 
be seen to have respiratory organs, a heart, an alimentary 
canal, a double nervous system, and some other organs, has 
the organs and nervous systems very poorly developed com- 
pared with those of creatures. An immense period of time 
must elapse before any machine can be brought to complete 
correspondence to any of nature’s machines. 

It is evident therefore that the credit for discovering how 
to make organic life belongs to the man who made the first 
mechanical contrivance. By making it he reproduced parts 
of the body, and when using it gave it some of the properties 
of the life of his body. Those who imagine the secret of- 
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organic life can be obtained by laboratory methods, say by 
makmg a living cell, are in the tradition of the alchemists and 
of those who tried to make perpetual motion machines. Man 
can discover the secret of full orgamc life only by developing 
machines until they possess full organic life. 

Weapons develop by a process which is somewhat analo- 
gous to the process of growth, and is probably a copy of it. 
When the first weapons were made, one or two parts of the 
human offensive machinery appeared outside the body, 
emanating from it as a type of growth. As new weapons 
were made, other parts appeared as further extensions or 
growths of parts of the machme. This process will continue 
indefinitely as new types of weapons are made; and the 
secrets of organic growth, will become revealed as weapons 
and other mechanical contrivances are developed. The ways 
in which the processes of growth are copied as more parts 
of the machine are externalized and older types of weapons 
are replaced have not been stressed in this work; but no 
doubt the reader will have noticed similarities between the 
processes. 

Clearly, the goal or end to which the makers of weapons is 
directed is to reproduce the offensive and reproductive mach- 
inery completely; of the makers of the internal combustion 
engine to reproduce the engine of the body completely: of 
the makers of locomotive contrivances to reproduce the 
locomotive contrivances of the body completely. A study of 
other classes of mechanical instruments, contrivances, and 
machines, would show that the goal of the makers of optical 
instruments is to reproduce the vision machinery of the body, 
of the makers of chronological instruments the time keeping 
machinery, of the makers of acoustic instruments the hearing 
machinery, and of the makers of aircraft the fli^t machinery- 
of the body; and so on. Presumably, if man could mechanize 
all the machines of his body and combine them the result, 
as has been stated, would be man. Man’s mechanical con- 
trivances, however, at present are in very rudimentary stages 
of development, and he has made but little progress towards 
this goal. 
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By studying mechanical contrivances with reference to the 
body it is possible to know the meaning of man’s industrial 
activities, the goal of the makers of machines, the ways 
mechanical contrivances have originated and developed, the 
ways new types will originate, and the ways the diff*ent 
types of mechanical contrivances are related to each other. 
More important still, the study provides an easy and power- 
ful means of obtaining knowledge of the construction and 
working of the machines of the bodies of creatures. It shows 
th: human body has the peculiar property or power of re- 
producing parts of itself as mechanical embryos or growths, 
without man’s design and it seems hitherto without his com- 
prehension, with man as an unconscious agent in effecting 
nature’s purposes, man while effecting her purposes fondly 
imagining himself the inventor of the mechanical contriv- 
ances. It shows also that mechanical contrivances are 
rudimentary creatures. 

It should be noticed that even if mechanical contrivances 
were studied without reference to the machinery of the body, 
it would still be necessary to regard them as rudimentary 
types of mechanical creatures. Thus, if we studied a motor 
car without reference to the body, it would still be possible 
to discover it has organs similar to those possessed by 
creatures. It could be seen that the engine has an alimentary 
canal, respiratory organs, heart, stomach, and many other 
organs corresponding to those of creatures; that the body of 
the motor car has a type of vertebrate frame, with a back- 
bone represented by the crank shaft, power shaft, and pro- 
peUor shaft, and vertebrae represented by gear box cogs. At 
the front the frame would be seen to diverge into two limbs, 
and at the rear into two other Umbs. which performed rudi- 
mentary locomotive movements. The extremities of the limbs 
would be types of hands or feet, and wrists and ankles and 
palms and fingers and toes would all be represented. The 
Various parts of the motor car would be in positions not very 
different from corresponding parts in creatures. The motor 
car could be seen to have a fairly well developed nervous 
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system, with a ganglion, or nervous centre, formed by die 
magneto. A comparison of early and later types of the motor 
car would show that as the machine developes it comes into 
closer correspondence to the body of a creature. It would 
therefore be necessary, even without any acceptance of the 
human prototype theory, to regard it as a creature. 

But it would be noticed that although the motor car has 
well developed engine and locomotive organs and fairly well 
developed optic organs, it possesses no auditory, vocal, self- 
repair. clothing, or other organs except engine and loco- 
motive and optic organa. It is true traces of some of these 
other organs could be found. For example, a rudimentary 
vocal organ would be seen to be reproduced by the horn; but 
no mechanisms could be found for starting it. A few rudi- 
mentary organs of touch covdd be found, one for example 
being formed by the self starter button, and if this were 
pressed actions would follow; but again no mechanisms 
would be found for pressing this organ of touch. It would 
be difficult to discover the use of the tool box and its imple- 
ments. But careful study would show that the tools fitted 
various nuts and bolts and other parts; and a guess could be 
hazarded that the tools had something to do with Uie creat- 
ure’s self repair or adjusting mechanisms. This could be 
seen to be the case, because occasionally some bolt or nut 
would be seen to be replaced or tightened. No outside agency 
could be seen performing these actions, because we should 
not admit the human body is in any way related to or con- 
nected to the motor car. 

A study of a gun would show that it possesses well deve- 
loped offensive and reproductive organs; but no other organs 
would be much in evidence, although traces of some would 
be discovered. Rudimentary optic organs, for example, would 
be seen in the telescopic sights of rifles or in the range finders 
of naval guns. 

A study of other mechanical creatures would show that 
each type reproduces mainly only one or two types of huinan 
machines, and that parts of other machines are either want- 
• ing or in very rudimentary stages of development. 
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These circumstances would however be paralleled fairly 
well in creatures. Organs and mechanisms which are well de- 
veloped in some creatures appear to be wanting or in very 
rudimentary stages of development in others. For example, 
in birds the flight mechanisms are very well developed,- but 
in man and most other creatures are almost atrophied or un- 
developed. Or again, in man the lungs are well developed, 
but only traces of gills can be found; the opposite is the case 
in Ashes. A host of other examples wAl occur to the reader. 
A study of mechanical creatures therefore would show that 
the different types develop in somewhat the same ways as 
different types of creatures develop; and the picture of the 
development of mechanical creatures is perhaps also a pic- 
ture of the development of living creatures. But from our 
knowledge of the human prototype theory we know mech- 
amcal creatures are related to the body and the theory gives 
us powers of discovering how fliey are so related; and by 
studying the mechanical creatures with reference to the body 
’it may therefore be possible to discover how living creatures 
are related to man. 

The reader will have noticed that the study of the power 
machinery has been made in a somewhat different way from 
the way the study of the offensive or locomotive machine 
was made. The study of the offensive machine was made 
by studying flrst simple types of weapons; and similarly the 
study of locomotive contrivances was begun with the study 
of simple locomotive devices. But the study of the power 
machine was begun with the study of the internal combus- 
tion engine; and only a very few of the many contrivances 
from which it has been derived have been studied. 

There are advantages and disadvantages in both methods 
of study, A study of the offensive machine begun by study- 
ing the gun would soon allow the human counterparts of 
many parts of the gun to be known; and this would make it 
an easy matter to identify human counterparts of the weapons 
from which it has been derived. But since many parts of 
the gun are in transferred positions, difficulties would be 
found, until simpler weapom had bewi studied, in discovering- 
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how each part of the gun works with its human counterpart. 

By beginning the study of the power machinery with a 
study of the internal combustion engine, the human counter- 
parts of many of its mechanisms as we have seen can soon 
be’ discovered. But difficulties are then experienced in 
discovering how the various mechanisms are correlated to 
and work with their human counterparts. It is true that 
having discovered some Rules describing how parts of 
mechanical contrivances can be transferred, it is possible 
with some careful study to see why some parts of the engine 
are in their present positions. But the more satisfactory and 
surer method would be to study all the mechanical contriv- 
ances from which the engine has been developed: and by 
tracing their developments to see how the various parts and 
devices of the engine have arrived in their present positions. 
But a great deal of research would be needed to discover and 
study all the contrivances from which the engine has been 
developed. A few only of these are known to and have been 
studied by the author; and the fuller study must be left to 
his readers. A vast field of research, promising many im- 
portant discoveries, awaits exploration by anyone who will 
diligently study these contrivances, and its exploration will 
probably present few difficulties. 

Any class of mechanical contrivances can be studied by 
either of the methods used in this work, although for a com- 
plete study both methods would have to be used. A study of 
some classes might be easier by one method and of others 
by the other method. For example, a study of the submarine 
would perhaps be easiest by studying first ffie submarine, and 
afterwards the various contrivances from which it has been 
derived. No difficulty would be found in identifying counter- 
parts of most of the parts of the submarine; but as it is 
obviously related in many ways more closely to the fish’s 
body than to the human body, it might be necessary to relate 
its parts first to parts of a fish’s body and then later to parts 
of the human body. Or again, parts of an aeroplane can at 
once be related to parts of the flight machinery of a bird. 
Indeed a child could see tiiat its wings, for example. 
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correspond to the wings of a bird, its body corresponds to the 
body of the bird, its rudder and tail correspond to the tail 
of the bird; and so on. A study of optical instruments, how- 
ever, could probably best be made by studying first simple 
optical instruments like lenses, spectacles, and telescopes; 
and later more complicated vision contrivances like cameras, 
and television apparatuses. 

When studying mechanical contrivances with reference to 
the body a new branch of scientific study comes into exist- 
ence. This study can conveniently be called mechanical 
biology. Mechanical biology is therefore the study of the 
relationships of mechanical contrivances to the body. The 
body is a very complex organism which cannot easily be 
studied directly; but it is a comparatively easy matter to 
study it indirectly by studying mechanical contrivances, for 
all mechanical contrivances are elementary models of parts 
of machines of the body. 

The theory that mechanical contrivances are similar to 
contrivances of the body is not new; for it is commonly 
accepted that there are correspondences of shapes, materials, 
and actions, of mechanical and human contrivances. Nearly 
every writer on the biology of the body relates human and 
mechanical contrivances. Few omit to point out, for ex- 
ample, that the lens of the eye and an optical lens resemble 
each other; that the eye and a camera are constructed on 
similar principles; that a nerve of the body and an insulated 
electric wire have many features in common; that the heart 
and a pump have similar actions; and so on. Whole books 
have been written by biologists and others to show corre- 
spondences between human and mechanical contrivances, No 
new theory is th^efore advanced when correspondences 
between human and mechanical contrivances are shown; and 
the theory that human and mechanical contrivances always 
work together represents but a small advance in thought. 

But the realization that human and mechanical contriv- 
ances always work in harmony allows a new world of know- 
ledge or learning to be discovered; and the way to this new 
world is shown in this book. 
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The mam purpose of this book is not to describe the new 
world in detail or even in outline. To give a description of 
a new world or continent is a task beyond the powers of the 
person who first sights its shores. The object of this work 
is to ‘show others that the new world exists and to show the 
way to it; and the task of mapping its outline and discover- 
ing its details must be left to others who will follow. 

The author has seen no more than a fragment of the 
fringes of the vast new world of knowledge; and has visited 
only a few islands lying ol! its mainland. The island of 
weapons has been mapped in this work perhaps sufficiently 
well to show its main features and some of its details. The 
island of locomotive contrivances has been briefly described, 
but most of its features remain to be discovered. The island 
of engine mechanisms has been hastily surveyed. The maps of 
these islands will inevitably be found to be fragmentary, to 
have many errors, and indeed perhaps to be misleading in 
many ways; and although this work shows the way to the 
new world of knowledge and gives a picture of small frag- 
ments of it, no more dependence should be placed on its 
details than would be placed on the details of a map of a 
new continent or world hastily made by the first person who 
had sighted its shores. The author has tried to avoid errors, 
but no doubt it will be found he has sometimes described an 
island as a peninsula, a peninsula as an island, a river mouth 
as a gulf, and probably has made worse errors. But the 
maps can easily be corrected by those who will follow. 

In exploring new lands the first to arrive on its coasts can 
hardly help making discoveries which may be the envy of 
succeeding generations of explorers. To make discovedes 
in the old world of knowledge is becoming difficult. But 
exploration of the new world of knowledge offers prizes as 
great as those offered to the explorers of America in the 
fifteenth and sixteenth centuries. 

Conditions in die search ,for new knowledge today curi- 
ously resemble diose which existed about the end of the 
fifteenth centmry in the search for new lands. Then, men 
were active in exploring the old world; and formed their 
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ideas and theories about the shape of the world without 
realizing a new world existed or that the world is a globe 
which can bo circumnavigated. The human prototype theory 
now allows a new world of learning to be reached and ex- 
plored, and perhaps in due time wiU allow the shape of the 
world of learning to be known. 

The author, in a previous work, pointed out that rules or 
conditions in one type of game are often found exactly 
reversed in another type. Conditions when exploring a new 
field of learning and when exploring a new land similarly are 
in some respects reversed; for he who would try and dis- 
cover some new country must persuade others of its probable 
existence before he can proceed thither. Conversely, he who 
discovers a new field of learning must aftwwards try and 
convince others he has discovered it. Thus, for example, 
Columbus had to spend many weary years trying to persuade 
men that land could be reached by sailing to the west, and 
had to meet with prejudice, ridicule, and unbelief, before he 
could proceed to prove his theories. But when he had 
reached the shores in the west, the ridicule and unbelief of 
his opponents were turned to their shame. Conversely, when 
for example Galileo announced that the earth moves, be had 
then to meet with ridicule and persecution. The author, 
having discovered new realms of knowledge has now to con- 
vince others of the existence of these new realms, and prob- 
ably, if tradition counts for anything, must meet ridicule, 
unbelief, and persecution. Indeed he has already met with a 
good deal of ridicule and unbelief: but the importance of his 
discoveries no doubt merits much more ridiciile, more 
profound unbelief, and more bitter persecution than has yet 
been met with. But truth is great and will prevail; and no 
Councils of Salamanca or ridicule or unbelief can prevent its 
triumph and the confusion of its opponents. 

As stirring times await the pioneers of the new world of 
knowledge as awaited the fifteenth and sixteenth century 
explorers of America. The new continent of knowledge 
probably stretches from one pole of knowledge to the other. 
Its coasts must be explored. Entry most be found into the 
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Paciiic of learning, and its seas must be crossed so that per- 
haps the limits of man’s knowledge can be known. Ancient 
and powerful civilizations of the mind founded on i gnnr q n <> e 
and wrong thinking must be met. and battles against fearful 
odds ffliust be fought. Curious articles and new products 
wait to be discovered and brought to the knowledge of men’s 
minds. Who can say what will be the results when the 
products and treasures and extent of the new world of learn- 
ing are discovered? High adventure and great ^ory are 
offered to all with courage enough to venture to this new 
world. Come. Cabral, Balbao. Cabot, and Ojeda, of the new 
age, make your adventurous voyages! Come, Amerigo 
Vespucci, give your name to the new continent 1 Come, brave 
Cortes and Pizarro, win your great empires ! Come, Raleigh, 
found your colonies! Come, gallant conquistadores, use 
your courage and reckless daring in the new world! Come, 
Drake and Magellan, cross the great Pacific and circum- 
navigate the world of learning! Come, Frobisher and Hud- 
son, penetrate the eternal snows of the north! Come, de 
Soto and Orellana, launch yourselves on the Mississippi and 
the Amazon, and reveal mighty highways through the great 
plains of the new world of learning! Come, Pilgrim Fathers, 
pioneers, and frontiersmen, leave the old world of shibboleths 
and warped philosophies, and find freedom for your minds 
in the vast new world. Once again, the cry is Westward 
Ho! 
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